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This thesis is written as a senes of six papers (Chapters 2 to 7). These six 
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Therefore most chapters are in the style of a particular journal which 1s 
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outlining the central questions addressed, and a concluding discussion 
(Chapter 8) complete the thesis. References to other parts of this thesis are 
by chapter number. Each chapter includes a reference section, tables and 
figures at the conclusion of the text. 
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Abstract 
The evolution of nest sharing in the Sphecidae was investigated by 
examining the natural history, the level of social behaviour and three 
factors - 1) relatedness among nestmates , 2) nest defence and 3) soil 
conditions - that may promote nest sharing, in Cerceris antipodes Smith. 
In the early part of the nesting season most nests were occupied by one 
female. These large, overwintered females lived for up to 100 days after 
their winter quiesence. Their first adult female offspring emerged in Nov 
and nest sharing increased from this time through the summer. Many 
nests were shared by females of the two generaLions. Not all of these nests 
were occupied by mothers and daughters because 15 to 25% of females 
switched from one nest to another. 
Nests of C. antipodes were occupied by up to eight females acting more 
or less independently and therefore C. antipodes should be labelled as 
parasocial. No evidence of reproductive or behavioural roles for females 
sharing nests was found. There was considerable variation in oocyte 
development among females, but it was not correlated with the age, size, or 
behaviour of the female or whether she had nestmates. There was not an 
intra-nest versus extra-nest division of labour because there was no 
correlation between the frequency of provisioning and the frequency of 
guarding a nest by a female. The main effect of nest sharing appears to be 
a low provisioning rate and a high prop_orLion of females resorbing 
oocytes . 
Average relatedness among nestmates was high (0.5-0.6) at one 
aggregation of nests in two consecutive years. Relatedness among 
nestmates was lower at three other aggregations. These estimates show 
that females could increase their inclusive fitness by sharing nests 
providing females can assist their relatives to produce more offspring. 
Females could aid relatives by assisLing in nest defence. Nest defence 
against nest parasites, such as mutillids, improved as the number of 
residents in a nest increased from one to five. Larger nests were not 
better protected against nonresident conspecific females, which could 
usurp or join the nest. New nests could only be excavated when soil was 
softened after rains. This limiting factor is hypothesized to have been the 
initiator of the evolution of nest sharing from solitary nests. When nests 
could not be dug, females stayed in their natal nest or joined an occupied 
nest. Fe1nales in these shared nests enjoyed the advantages of lower nest 
excavation costs, improved nest defence and the potential to assist close 
relatives. The combination of these three factors presumably maintained 
nest sharing as a viable strategy in C. antipodes. 
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Nest sharing in the sphecid wasp, Cerceris antipodes Smith: 
Introduction 
Eusociality intrigues evolutionary biologists because of the apparent 
paradox of some individuals foregoing their own reproduction in order to 
rear the young of others. It is not intuitively obvious how such behaviour 
could have been selected for if natural selection operates mainly at the level 
of the individual. Yet there are many species of ants, bees and wasps where 
one or a few females reproduce and the rest of the females in the colony 
collect food for the young, build the nest and/or defend the colony, without 
laying eggs themselves. The most highly organized animal societies are the 
eusocial Hymenoptera and eusociality has evolved · more times in the 
Hymenoptera than in all other animals combined. 
Several plausible hypotheses have been advanced to explain the 
evolution of eusociality in the Hymenoptera. Kin selection acting through 
the high level of relatedness between sisters in haplodiploid species 
(Hamilton 1964, 1972; Wilson 1971; West Eberhard 1975; Starr 1979; Trivers 
1985), maternal manipulation of the reproductive potential of daughters 
(Alexander 1974) and mutualistic advantages of improved defence in multi-
female colonies (Lin 1964; Lin and Michener 1972; Evans 1977) are among the 
more plausible and widely accepted hypotheses advanced during the past 25 
years. These three are not mutually exclusive, they simply emphasize 
different aspects of social competition and cooperation among females 
sharing nests (Crozier 1982; West Eberhard 1983). 
The question of how eusociality evolved becomes more manageable 
when it is split into two parts. The first question is: How do shared nests 
evolve from the single female nests? The second question is: How does a 
reproductive division of labour evolve among the females sharing a nest? 
Here I concentrate on the evolution of nest sharing in one species of sphecid 
wasp, Cerceris antipodes Smith. 
Shared nests are found in species of several families of aculeate 
Hymenoptera (e.g. Pompilidae, Sphecidae, Anthophoridae, Halictidae, 
Colletidae) (Wilson 1971; Michener 1974; Brockmann 1984). Within the 
Sphecidae, nest sharing has appeared independently in the subfamilies 
Sphecinae, Pemphredoninae, Larrinae, Crabroninae, and Philanthinae 
(Bohan and Menke 1976; Brockmann and Dawkins 1979). In the philanthine 
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genus Cerceris Latreille, most of the approximately 900 species are solitary 
(Evans 1971 ), however females in about 20 species share nests ( e.g. Grandi 
1961; Tsuneki 1965; Elliott et al. 1986; Evans et al. 1976; Evans and Hook 1986; 
Hook 1987). The nest sharing species do not form a closely related group 
within Cerceris. Therefore I assume that within the genus Cerceris, as in the 
sphecids and aculeates generally, solitary nests are the primitive state and 
there have been several independent origins of nest sharing. 
The behaviour patterns of solitary and nest sharing species of Cerceri s 
are very similar. Female Cerceris dig nests in the ground. After the nest is 
dug they hunt prey, usually beetles, that serve as the food for the larvae. The 
prey are stung and paralyzed, flown back to nest and cached in the main 
tunnel. When enough prey have accumulated to supply one larva until it 
matures, a cell is excavated. The prey are then placed in the cell, one egg is 
laid on a beetle and the short side tunnel to the cell is plugged (Linsley and 
MacSwain 1956; Tsuneki 1965; Evans 1971; Iwata 1976). Several behavioural 
traits are found in nest sharing species but are rare 1n solitary species. 
Frequent nest switching and nest usurpation in some nest sharing species 
suggests less than cooperative interactions among nestmates (Tsuneki 1965; 
Alcock 1975). In other species nests are reused from one generation to the 
next, females from two generations may share a nest, related females may 
share a nest, there may be a division of labour among females sharing a nest 
and there is variation in oocyte development among females in a nest (Grandi 
1961; Alcock 1980; Evans and Hook 1982, 1986; Kurczewski and Miller 1984; 
Willmer 1985; Elliott et al. 1986; Hook 1987). These characteristics suggest that 
the social behaviour of C erceri s 1s more complex than simply a few 
independent females sharing a nest. 
Four explanations for nest sharing 1n species of Cerceri s have been 
advanced. These include ( 1) improved nest defence and (2) reduced costs of 
digging a nest for females in shared versus single female nests (Alcock 1980; 
Salbert and Elliott 1979; Evans and Hook 1982, 1986; Willmer 1985), (3) 
enhanced benefits in nests shared with relatives (Alcock 1980; Evans and 
Hook 1982, 1986) and ( 4) large and small females preferentially sharing 
nests. Willmer ( 1985) has shown that large females of .C... arenari a provision 
more frequently than small females. In hot weather large females may 
overheat and therefore small females should provision more frequently. 
Willmer ( 1985) therefore suggests that in hot weather large females should 
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allow small females to join their nests and that both females benefit from 
having more prey available in the nest. 
Cerceris antipodes frequently has shared nests and is a common species 
1n eastern Australia. Previous work has shown that there 1s variation 1n 
oocyte development, nests are reused, relatives may share nests, nest 
entrances are guarded and that nests are constructed in very hard packed 
soil (Evans and Matthews 1970; Alcock 1980; Evans and Hook 1986). Here, I 
aim to describe the level of social behaviour 1n c_. antipodes at two sites, one 
coastal, the other inland in New South Wales. In the next three chapters I 
describe the natural history and level of social behaviour of c_. antipodes. A 
second aim is to test the importance of relatedness, nest defence and soil 
conditions in promotion and maintenance of nest sharing . in C... antipodes. In 
Chapters 5 to 7 I determine average relatedness among nestmates, 
demonstrate improved defence in multi-female versus single female nests, 
and show that soil conditions prevent nest excavation during dry weather. 
A comparative approach to evolutionary studies assumes that similar 
species under similar conditions (e.g. climate, parasites, food resources) will 
respond to natural selection in a similar fashion. Nest sharing appears well 
suited to such an approach because of its many origins in the aculeate 
Hymenoptera, the Sphecidae and Cerceris. I am studying nest sharing in C,.. 
antipodes with a view to answering general questions about the origin and 
evolution of social behaviour in the Hymenoptera. This study provides one 
set of data in the broad comparative study of the evolution of nest sharing. 
More species need to be studied to test adequately the hypotheses presented. 
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Nest sharing, nest switching, longevity and overlap of 
generations in Cerceris antipodes (Hymenoptera: Sphecidae) 
Submitted to Insectes Soci aux 
Summary 
Shared nests of Cerceris antipodes Smith were infrequent early in the 
nesting season but most nests were shared during most of the summer. Adult 
females overwintered and then were active for up to 90 days the next 
summer. Their lives overlapped those of their adult daughters. Both 
overwintered and first summer generation females were long-lived 
compared to other sphecids and many nests were shared by females of two 
generations. Up to 25% of females switched nests, suggesting that not all 
nests were shared by relatives, although some were presumably shared by 
mothers and daughters. 
Z usam menfassu n g 
Nestgemeinschaft, Nestwechsel, Lebenserwartung und 
Generationsuberlappung in Cerceris antipodes (Hymenoptera: Sphecidae) 
Cerceris antipodes Smith benutzte selten Gemeinschaftsnester am Anfang der 
Brutzeit, jedoch uberwogen G emeinschaftsnester wahrend des 
uberwiegenden Teils des Sommers. Adulte Weibchen uberwinterten und 
waren 1m nachsten Sommer fur 90 Tage aktiv. Die Eltemgeneration 
uberlappte mit der Fortpflanzungszeit der Tochtergeneration. Beide 
uberwinterten und Weibchen der Sommergeneration lebten verglichen mit 
anderen Spheciden relativ lange. Zahlreiche Nester wurden von Weibchen 
zweier Generationen gemeinsam benutzt. Vermutlich benutzten nicht nur 
Verwandte Gemeinschaftsnester, da bis zu 25% der Weibchen Nester 
wechselten, jedoch wurden einige Nester wahrscheinlich von Muttern und 
ihren Tochtern gemeins bewohnt. 
Introduction 
Nests of the Australian sphecid wasp, Cerceris antipodes Smith, are shared 
regularly by two to eight females (Alcock 1980; Evans and Hook 1986). Shared 
nests are known in about 20 other species of Cerceris (Evans and Hook 1986; 
Hook 1987). Even this primitive level of sociality contrasts starkly with the 
single female nests of the vast majority of Cerceris species and sphecids 1n 
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general. This has sparked interest 1n the genus for studies of the evolution of 
nest sharing (Evans and Hook 1986; Hook 1987; Elliott et al. 1986). There is 
limited evidence from a few species of Cerceris of mothers and daughters 
sharing the same nest (Grandi 1961; Salbert and Elliott 1979; Hook 1987), of 
seasonal changes in nest sharing, of adult females overwintering, and of 
smaller females being produced in early summer (Evans and Hook 1982, 1986). 
There is conflicting evidence that females switch nests. Nest switching has 
been noted in several species (Tsuneki 1965; Alcock 1975; Hook 1987; Elliott et 
al. 1986), but Evans and Hook ( 1986) report minimal levels in Australian 
species, including C,. antipodes. Evans and Hook (1986; Hook 1987) have 
established that females in nest sharing species are long-lived compared to 
other sphecids. Considering the importance of these characteristics in 
assessing the level of social behaviour and determining the factors that 
promote nest sharing, I present data here on seasonal patterns of nest 
sharing, female longevity, frequency of nest switching and the sharing of 
nests by two generations of females in C,. antipodes. 
Methods 
This study was conducted at two aggregations of C.. antipodes nests 1n hard 
packed sandy tracks, one near Warrah Trig, Brisbane Water National Park 
(33° 33' S, 151° 17' E), and the other at Camp Pincham, Warrumbungle 
National Park (31° 18' S, 149° 01' E), New South Wales, Australia. Observations 
were made at Warrah from 15 Jan to 15 Feb 1985, 3 Jan to 4 Mar, 30 Nov to 14 
Dec 1986, and 12 Jan to 1 Feb 1987; at Pincham from 31 Dec 1984 to 12 Jan 1985, 
8 to 23 Mar, 18 to 21 Apr, 22 Oct to 17 Dec 1985, 12 to 30 Mar, 13 to 18 Apr, 8 to 17 
Nov 1986 and 20 Dec 1986 to 4 Jan 1987. Voucher specimens of the wasp are in 
the Australian National Insect Collection, CSIRO, Canberra. 
All females 1n a group of 10 to 25 marked nests were individually marked 
with Testor's Pia Enamel™ paint on the frons and thorax for individual 
recognition. The head width was measured, to the nearest 0.05mm, with 
callipers when a wasp was marked. Each wasp was aged, with the aid of a 1 OX 
hand lens, according to relative measures of wear of the mandibles (0-sharp 
tips and teeth, to 5-well rounded tips, no teeth apparent), wings (0-entire 
edges and dark sheen, to 7-entire edge abraded with several > 2mm tears) and 
facial pubescence (0-dense pubescence, to 3-scattered hairs). Females 
marked from Oct until early Jan could be assigned either to the 
overwintering generation or to a younger generation that emerged during 
the summer, on the basis of the three wear measures. The group of 10 to 25 
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nests was observed for 1 to 10 hours a day during weather sufficiently warm 
to permit wasp activity. All instances of females leaving and returning to the 
nest were recorded. Cups were placed over the entrances to catch wasps for 
marking and to confirm individual marks on the wasps. Sand grains were 
flicked into nest entrances 2 to 12 times a day. Females often respond to such 
disturbances by coming to the entrance from inside the nest (Alcock 1980). 
These observations provided a reliable indication of nest occupation. 
From these observations, longevity of females and average number of 
females sharing a nest were calculated. Survivorship curves (Began et al. 
1986) were calculated using the number of days from marking until the last 
sighting of the female and included a correction for females alive at the end 
of the observation period. These curves underestimate longevity because at 
the time of marking a female is a few to many days old. Analogous residency 
curves were constructed using the number of days a female resided in one 
nest. Survivorship curves and residency curves were calculated for all 
observation periods of more than four weeks duration. Frequency of nest 
switching was calculated for observations spanning more than three weeks. 
In many species of sphecids it takes about 30 days after an egg is laid for 
an adult wasp to emerge, if there 1s no larval diapause (Evans and West 
Eberhard 1970). In this paper, it 1s assumed that an adult emerges about 30-40 
days after an egg is laid. 
Results 
Lon~evity of nests: Many nests of C... antipodes remained active for several 
months (Table 1 ). At both sites many nests active early in the summer were 
still active 1n the autumn and some nests were used during_ two consecutive 
summers. At Pincham, a small proportion of nests were used during three 
consecutive summers (Table 1). Nests that became inactive during the 
summer were rarely used again. 
Overwinterin~; Adult females overwintered. Recently emerged females 
were individually marked in Mar and Apr at Fincham. Eleven of 35 in 1985 
and 6 of 25 in 1986 were recaptured the following Oct or Nov. Of 99 older 
females marked in Mar and Apr 1985 and 1986, none were recaptured in Oct 
or Nov, suggesting that only females emerging in Mar and Apr overwinter. 
However one female at Warrah, marked as a recently emerged adult on 22 Feb 
1986, was recaptured in Dec 1986 and collected on 31 Jan 1987. The 
overwintered females were larger than females emerging in Nov and Dec 
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(Head widths in mm±sd, . Overwintered: 1985, X=-2.78±0.18, n=53; 1986, 
X=2.91±0.24, n-39; Young: 1985, X-2.51±0.24, n=26; 1986, X=2.52±0.22, n=l4, t-
tests within years both p<0.001 ). Larval stages and males did not overwinter. 
No recently emerged females were found at Pincham from Oct until mid-Nov. 
All females marked at W arrah in early Dec 1986 were either moderately worn 
and presumed overwintered, or unworn and presumed recently emerged. 
Males were seen only from Dec until Apr at both sites. 
Lon~evity and residency : Several lines of evidence suggest that females 
live for more than the 30 days necessary to cohabit with their offspring. 
Most overwintered females Ii ved longer than the 30-40 days it takes for an 
egg to develop into an adult during Oct to Dec 1985 at Pincham (Fig la). 
Almost 90% of the overwintered females were alive when the first young 
females of the season emerged on 16 Nov. Other years and other aggregations 
showed a similar pattern. At Pincham 1n 1986, 31 overwintered females were 
marked in mid-Nov, at least 8 were alive on 21 Dec and at least 4 on 4 Jan 1987. 
At Warrah in 1986, 20 overwintered females were marked in early Dec, 12 
were alive on Dec 14, 9 on 10 Jan 1987 and 5 were collected on 31 Jan 1987. 
Most females that emerged in Nov and Dec 1985 at Pincham had disappeared 
within 10 days of marking (Fig lb). Presumably many of these 
disappearances were of dispersing females. About 13% had a life span of 30 
days or more. More than 40% of females lived more than 30 days at Warrah 1n 
1985 (Fig le). In 1986 this dropped to about 25% and about 10% of females 
were still present 50 days after marking (Fig ld). These two survivorship 
curves include both recently emerged females and females that had been 
active for a few months before marking and therefore underestimate 
longevity. 
The size of females was not correlated with longevity for either 
overwintered females or young emerging in Nov and Dec at Pincham 1n 1985 
(Product-Moment Correlation Coefficient, overwintered, n=33, r=-0.26, p>O. l; 
young, n=26, r=0.10, p>O. l). There was no correlation between size and 
longevity at Warrah (1985, n=35, r=0.01, p>0.1; 1986, n=62, r=0.28, p>0.1). Only 
females marked before 25 Jan were included in order to reduce the number of 
females still alive at the end of the observation periods. 
Females switched from one nest to a nest occupied by other female(s) 
during all observation periods at both sites. At Pincham 7% of females 
switched nests in 1985 and 15% in 1986. At Warrah 12% of females moved to 
already occupied nests in Jan and Feb 1985, 20% in Jan and Feb 1986, and 21% 
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from Dec 1986 until Jan 1987. Nest switching also occurred between summers. 
Of 5 females marked in Mar and Apr 1986 from known nests at Pincham, 4 
were in different nests in spring (2 new nests and 2 preexisting nests), the 
other female remained in the same nest. The occurrence of nest switching 
will result in the survivorship curves overestimating the probability of a 
female sharing a nest with relatives of a subsequent generation. However, 
nest residency curves, analogous to the survivorship curves, using length of 
residency instead of days elapsed between marking and last sighting, will 
more accurately represent this probability. The residency curves show the 
same trends as survivorship curves, with 15 to 35% of females residing in a 
nest for more than 30 days (Fig. 1 ). 
Nest Sharin~: The number of females sharing a nest changed seasonally. 
Nests contained only one or a few females early in the nesting season (data 
for 1985-87 combined; Pincham, Nov X=l.17, n=657 nest-days, Dec X=l.60, 
n=433; Warrah, Dec X=l.27, n=l35), while nests with 2 to 8 females were the 
rule in Jan and Feb (Pincham, Jan X=2.91, n=89; Warrah, Jan X=2.68, n=552, Feb 
X=2.27, n=369) and fewer females were found in nests again in March 
(Pincham X= 1.63, n= 162). Maximum number of resident females in a nest on 
one day ranged from 5 in Dec to 7 in Jan at Pincham and from 4 in Dec to 8 in 
Jan at Warrah. 
A~es of cohabitin~ females: An overwintered and a young female(s) shared 
most nests (25/30) at Pincham in Dec and early Jan. The other five nests 
were shared by young females. About 25% of shared nests (11/40) at Warrah 
in Dec and early Jan were shared by wasps of two generations. This lower 
frequency was partly attributable to the preponderance of Jan samples, 
when fewer overwintered females remained alive. Only one nest was shared 
by only overwintered females. 
Discussion 
Frequent nest sharing by two to eight females is consistent with previous 
reports on C.. antipodes (Alcock 1980; Evans and Hook 1986). Nest sharing was 
infrequent in Nov and increased through Dec and Jan at both sites studied 
here. Most females lived in shared nests during much of the summer. The 
associations between females were of long standing. Several pairs of females 
shared the same nest for 10-40 days at both sites. This seasonal trend in nest 
sharing has not been reported previously, although Evans and Hook ( 1982) 
surmised a similar pattern in the behaviourally similar and closely related 
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species, C.. australis. Studies on other species of nest sharing Cercerjs have 
not addressed the seasonal aspect. 
Nest sharing is the result of either continued use of the natal nest and 
young females remaining to share with older residents, or of females 
switching to occupied nests and sharing with the residents (Elliott et al. 1986; 
Hook 1987). The correlation of nest reutilization and nest sharing by C erceri s 
has been stressed by Evans and Hook ( 1982, 1986; Hook 1987). Several nests 
observed in this study were used during consecutive summers (Table 1). The 
maJor consequence of nest reuse is that emerging females have the 
opportunity to live in a nest with their closest relatives, increasing the 
potential for kin selection to operate. The best evidence of females staying 1n 
their natal nest comes from the young females at Pincham in Nov 1985. This 
aggregation was watched for three weeks before young females emerged. 
About 15% of the young females were still in the same nest 30 days after 
marking, suggesting they remained in their natal nest. Nest switching was 
considered extremely rare in C.. antipodes and the other species of Australian 
Cerceris studied by Evans and Hook (1982; 1986). In contrast, at both study 
sites and during all observation periods I found that about 10% or more of the 
marked females switched nests. I also found two females occupying a nest 
within five days of the nest's initiation at both Warrah and Pincham (Chapter 
7). The most striking example of nest switching leading to long term nest 
sharing is one in which a C.. antipodes shared her nest with another species 
of Cerceris (McCorquodale and Thomson 1988). 
Females of C.. antipodes are long lived compared to other sphecid wasps. 
Toft ( 1987) found that few females lived more than 30 days in a solitary 
sphecid. Active periods of 69 days for C.. australis and 49 days for C.. antipodes 
reported by Evans and Hook ( 1982, 1986) are among the longest for sphecids. 
In my study, a female was collected 342 days after marking. This includes 
more than 90 days of activity after quiescence during the winter. There is no 
question that females are capable of Ii ving for much longer than the 30-40 
days it takes for an egg to mature into an adult female. Of greater 
significance is that many females, not just exceptional females, have a life 
expectancy of 30-50 days, based on minimum estimates. Most females that 
overwinter can expect to be alive when their daughters emerge and start 
nesting. Some of these overwintered females will be alive when 
granddaughters emerge and start to nest. An overlap of three generations 1s 
a possibility. Size was not a determinant of longevity. Within a cohort of 
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females, either overwintered or young females during the summer, there was 
no tendency for large females to Ii ve any longer than small females. The 
survivorship curves show that the rate of disappearance of females remained 
relatively constant through time for all groups. There were some minor 
deviations from a constant rate, as expected in a small sample. For the 
overwintered females at Pincham the rate was lower for the first two weeks 
while the opposite was true for the young females at Pincham. At Warrah 
both groups showed slightly elevated rates two to three weeks after marking. 
These patterns suggest that the probability of switching nests or dying is not 
age related. 
Long lived females and nest reuse contributed to the prevalence of nests 
shared by two generations of females. In c_. antipodes, females of two distinct 
generations shared nests and this overlap of generations was present 1n 
either a sizeable minority (Warrah) or a majority of nests (Pincham). 
Females of the overwintered generation shared nests with females of the first 
spring generation at both sites. Presumably some of these were mothers and 
daughters. An overlap of generations in a nest is rare in non-eusocial 
species of Hymenoptera (Alexander 1972; Michener 1974). There is a striking 
similarity in the pattern of increased nest sharing and overlap of 
generations in C.. antipodes to the seasonal pattern of nest sharing of 
primitively eusocial societies 1n temperate zone species of Polistes, Bombus 
and Lasio~lossum (Wilson 1971; Michener 1974). 
Here it has been shown that nests are consistently shared by long lived 
adult females of C... antipodes. Living with relatives, improved defence and 
reduced nest digging costs for each female have been suggested as the 
reasons that Cercerjs females share nests (Alcock 1980; Evans and Hook 1986; 
Hook 1987; Elliott et al. 1986). Not all nests of c_. antipodes are shared by 
relatives since nest switching occurs frequently, but relatedness cannot be 
excluded as a factor that promotes nest sharing. 
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Chapter 2--Nest switching and longevity 
Table 1: Number of active nests of Cerceris antipodes through time. Rows 
represent cohorts of nests. The first entry in a row is the number of nests 
initiated since the last survey and active at the time of the survey. 

























































Chapter 2--Nest switching and longevity 
Fig. 1: Survivorship curves and residency curves for females of Cerceris 
antipodes: a) overwintered females at Pincham Oct-Dec 1985, b) young 
females at Pincham Nov-Dec 1985, c) all females at Warrah Jan-Feb 1985 and 
d) all females at Warrah Jan-March 1986. These curves plot the proportion 
of adult females, on a logarithmic scale, surviving to 50 days after marking, 
and the proportion of females residing in a nest for 50 days from first day 
of residence in a nest. 
Abb. 1: Uberlebenslrurve und Ansassigkeit weiblicher Cerceri s antipodes: 
a) uberwinterternde Weibchen in Fincham, Okt-Dez 1985 
b) junge Weibchen in Fincham Nov-Dez 1985, c) gesamte Weibchen in 
Warrah Jan-Feb 1985 und d) gesamte Weibchen in Warrah Jan-Mar 1986. 
Der Anteil adulter Weibchen, die 50 Tage nach dem Markieren noch lebten, 
und der Anteil an Weibchen, die ein Nest vom Tag des Bezugs an 50 Tage 
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Oocyte development in the primitively social wasp, 
Cerceris antipodes (Hymenoptera: Sphecidae) 
Abstract 
1) Oocyte development and resorption were studied in single and multi-
female nests of the sphecid wasp Cerceris antipodes Smith at three sites in 
New South Wales and the Australian Capital Territory. 
2) Females had two polytrophic ovaries with three ovarioles in each. A 
maximum of one mature chorionated egg or two large developing oocytes was 
found in an individual. Most females were resorbing one or more terminal 
oocytes. 
3) About 90% of all females were inseminated. Young females (less than 10 
days old) and old females (active more than 90 days) were more frequently 
uninseminated than other females. Some uninseminated females had large 
developing oocytes. 
4) Females collected outside of the October to March nesting season did not 
have large developing oocytes. Most females collected within the nesting 
season had a large developing oocyte. In all samples females that lacked a 
large developing oocyte and were resorbing most of their oocytes were 
found. No seasonal trend of oocyte development within the nesting season 
was obvious. 
5) Internal parasites were found 1n 4% of females and none of these females 
had a large developing oocyte. 
6) Females more than 10 days old were capable of developing a mature egg. 
This included females active for at least 90 days after winter quiesence. 
There was no consistent correlation between age and the size of her largest 
developing oocyte in females more than 10 days old. There also was no 
consistent correlation between the size of a female and the size of her largest 
developing oocyte. However, within a nest, the oldest and largest females 
tended to have larger oocytes than their nestmates. 
7) There was no evidence that the presence of nestmates inhibited oocyte 
development, since females from single and multi-female nests had oocytes of 
similar size. Provisioners and nonprovisioners had oocytes of similar size. 
8) Individual nests represented a range of social types from eusocial to 
solitary. It seems best to interpret C.. antipodes as a species with considerable 
variation in oocyte development among females which results in nests of a 
variety of social types. 
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Introduction 
Eusociality 1s characterized by an overlap of generations, cooperative 
brood care and a reproductive division of labour within a nest (Michener 
1969,1974; Wilson 1971). The evolution of eusociality can be envisioned as two 
major steps: first nest sharing, then a reproductive division of labour among 
females sharing a nest. In shared nests all or most of the females may 
reproduce. In eusocial nests one or a few females reproduce at the expense of 
their nestmates and reproduction by subordinates is controlled by the 
queen(s). In highly eusocial species, such as honeybees and many ants, the 
control is indirect, through pheromones (Wilson 1971; Michener 1974 ). In 
primitively eusocial species, such as Poli stes and some halictine bees, the 
control 1s more direct, through dominance, aggression and other behaviours 
(Wilson 1971; Michener 1974; Roseler 1985). There have been two concurrent 
processes in the evolution of a reproductive division of labour, an increase in 
reproductive capacity of one or a few females and a decrease in the 
reproductive capacity of the remainder of the females. The reasons some 
females forego reproduction are not clear, but are central to an 
understanding of the evolution of eusociality. 
Oocyte development, and by association reproductive capacity, in 
aculeate Hymenoptera is influenced by several factors. Insemination, age, 
season, size, behaviour, diet and parasitism have all been shown to be 
important for some species (Bell and Bohm 1975; Kurihara et al. 1981; O'Neill 
1985; Sihag 1986). In primitively eusocial species, and at least one nest 
sharing spec·ies, the presence of other females influences oocyte 
development (Roseler 1985; Schwarz et al. 1987). Any factors that influence 
oocyte development may lead to increased reproduction by some females 
and/or decreased reproduction by others. The variation in reproductive 
capacity among females in species that share nests and the factors that 
promote the variation could be helpful guides in unravelling the evolution of 
the reproductive division of labour. 
Cerceris antipodes Smith is a sphecid wasp that shares nests and thus 1s 
more social than most species of the genus Cerceris and indeed most other 
sphecid wasps (Alcock 1980; Evans and Hook 1986; Chapter 2). During the 
early part of the austral summer, nests are shared by two generations of 
females, one of the conditions of eusociality (Chapter 2). Preliminary work 
by Alcock ( 1980) on c_. antipodes and Evans and Hook ( 1982) on the closely 
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related and behaviourally similar C.. australis shows that there is considerable 
variation in oocyte development among females sharing nests and that many 
females resorb oocytes. 
This study aims to elucidate the factors that affect oocyte development 
and to assess the level of social behaviour found in nests of C.. antipodes . Here 
I document the variation in oocyte development and the prevalence of oocyte 
resorption in females of C.. antipodes from single and multi-female nests. 
Insemination, season, parasitism, age, size, behaviour, and presence of 
nestmates are examined as possible factors that either promote or inhibit 
oocyte development. Oocyte development is one determinant of the level of 
social behaviour. Nests of c_. antipodes with various levels of social behaviour 
are identified based on oocyte development of the residents. 
Methods 
Adult females of c_. antipodes were collected at nesting aggregations at 
Camp Pincham, W arrumbungle National Park, New South Wales (31 ° 18' S, 
149° 01' E), at three aggregations near Warrah Trig, Brisbane Water National 
Park, NSW (33° 33' S, 151° 17' E), and on the lower slopes of Black Mountain, 
Acton, Australian Capital Territory (36° 05' S, 149° 15' E) between January 
1985 and December 1987. These aggregations are referred to as Pincham, 
Warrah 1, 2, 3 and Black Mt. respectively. Most samples were obtained by 
placing cups over 10 to 25 nest entrances for the duration of the active period 
of the wasps for two consecutive days and collecting all wasps that appeared 
1n the cups. 
The head width of the adult females was measured with dial callipers · to 
the nearest 0.05mm and used as an indicator of size. O'Neill (1985) has shown 
that head width is a reliable indicator of mass 1n four other species of 
sphecids in the subfamily Philanthinae. The age of each female was 
estimated by adding the scores of mandible wear (0-pointed tips, sharp teeth 
to 5-indistinguishable tip, no teeth), extent of facial pubescence (0-dense 
covering to 3-none visible) and wing wear (0-entire and dark purplish sheen 
to 7-all edges abraded and light brown). For some samples, most of the 
females collected had been individually marked and their behaviour 
observed daily for several weeks before collection. In these samples a female 
was considered to be a provisioner if she brought prey to the nest at least 
once in the 10 days prior to collection. All other females were considered 
nonprovisio ners. 
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From March 1986 until December 1987 most females were dissected 1n 
Ringer's solution or physiological saline as they were killed. The 
spermatheca was examined for the presence of sperm under a phase contrast 
microscope within five minutes of dissection. The abdomens of the females 
collected before March 1986 and some collected later were preserved in 
Kahle's fixative and dissected later. The two ovaries, containing three 
ovarioles, were examined at 15X under a binocular, dissecting microscope. 
The length of the largest oocyte in each of the six ovarioles was measured to 
the nearest 0.1mm with an ocular micrometer (n=390 females) or 
qualitatively classified as small, medium or large (n-38 females). There may 
be some shrinkage in preserved material (Kurihara et al. 1981 ). Oocytes 
dissected from fresh females and preserved in Kahle's fixative for several 
months were subsequently remeasured as the same length or 0.1 to 0.2mm 
shorter. Therefore no correction for lengths of preserved oocytes was used. 
The largest oocyte in each ovariole was classified as either developing 
or resorbing (Michener 1971; Maeta and Kurihara 1971; Kurihara et al. 1981; 
Sihag 1986). Developing oocytes were recognized by their turgidity and the 
oocyte being uniformly filled with white to pale yellow material (Fig. 1 ). 
Developing oocytes were associated with nurse cells (trophocytes) which 
varied in size according to the stage of the associated developing oocyte 
(Michener 1971; Kurihara et al. 1981 ). Resorbing oocytes were yellowed, 
incompletely filled and the associated nurse cells were degenerate. The 
resorbing oocytes were easily identified by their colour and the aggregation 
of material combined with unfilled areas around the edges (Fig. 1). 
Presumably resorption starts before it is visible unde_r a dissecting 
microscope. Therefore I · have probably underestimated the prevalence of 
resorption. 
Most statistical analyses were based on measurements of the length of 
the largest developing oocyte. Analyses based on the largest two developing 
oocytes or all developing oocytes produced comparable results. Not all 
samples were suitable for all analyses. For each analysis, only samples 
including at least nine females from at least seven nests were used. In a few 
instances all relevant data were not collected from each female in a sample. 
Therefore sample sizes vary among analyses. 
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Results 
Description of ovanes, ovarioles and oocytes: Females had two polytrophic 
ovaries with three ovarioles on each side (Fig. 1 ). Four ovarioles in each 
ovary were noted in two of the 428 individuals examined. A maximum of one 
mature chorionated egg was found in a female. Most females had only one 
large (> 1.6mm) developing oocyte, although some had two and others none 
(Tables 1,2). The largest and second largest oocytes were always in opposite 
ovanes. An ovariole never had more than three visible oocytes. If three 
oocytes were present, two were very small (0.1mm and smaller). Older 
females accumulated yellow bodies at the base of each ovariole. The largest 
oocyte was 2. 7mm and the smallest chorionated oocyte was 1. 7mm. The largest 
of five eggs recovered from three excavated nests was 2. 7mm and the smallest 
1.9mm, with a mean of 2.4mm. Resorbing oocytes of all sizes, from 0.2mm to 
2.5mm, were found in ovaries. Most females had at least one resorbing oocyte 
(Table 2). It was most frequently the largest or second largest oocyte. In 
some females three to six oocytes were being resorbed. 
Seasonality: Females had large developing oocytes only during the nesting 
season. Females collected in Sept and Apr, outside of the nesting season, had 
no large developing oocytes (Tables 1,2). The two largest oocytes in this 
group of females were 1.3mm and 1.1mm long, approximately half the length 
of a mature egg. During three and a half summers of observations, the 
earliest provisioning observed was on 22 October and the latest on 25 March. 
Therefore mid-October until the end of March can be considered the nesting 
season. All samples collected between November and March had some 
females with large developing oocytes (Tables 1,2). The proportion of females 
with large developing oocytes showed no clear trend within the nesting 
season. Most females had a large developing oocyte in some samples from 
Jan, while most females did not have a large developing oocyte in other 
samples collected in Jan (Warrah 1 and 3, Jan 1987). Many females collected 
during the nesting season had resorbing oocytes, often more than 70% of a 
sample, although no obvious seasonal pattern of resorption of oocytes was 
evident (Table 2). More resorption was apparent when more females had 
large oocytes (e.g. Jan samples, Table 2). 
Insemination: Most females were inseminated. During the summer of 1986-
87, 88% (110 of 125) of females dissected had sperm in the spermatheca (Table 
3 ). Of the 15 females with no sperm, eight were very young. They showed no 
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mandible or wing wear, had no yellow bodies, had obvious fat reserves in the 
abdomen, had only small ( <0.5mm) oocytes, and three of the eight still had the 
meconium present. Another four of the 15 uninseminated females had 
overwintered and were collected in January, 70 to 100 days of activity after 
winter quiescence. It is possible that their sperm stores were depleted, either 
through use or because the sperm do not usually live that long. The other 
three females were neither very old nor very young. Two of these females 
had oocytes in excess of 2.0mm long, despite not being mated, suggesting that 
insemination has little effect on oocyte development. 
The females that overwintered were inseminated in the previous 
autumn. Males do not overwinter (McCorquodale unpubl.). Inseminated 
females were active before the first males of the season had emerged at 
Pincham in November 1986 and Black Mt. in September 1987 (Table 3). 
Parasites: Oocytes in parasitized females were small. Parasites were found 1n 
the abdomens of 16 of 402 females dissected (9/ 166 in January, 6/90 in 
February , 1/17 in April, none in the other months, all sites and years 
combined). The average length of the largest developing oocyte 1n 
parasitized females was 0.38±0.1 l(S.E.)mm (n-16). Only two of the 16 females 
had developing oocytes larger than 1.0mm. The parasite was presumed to be 
the larva of a conopid fly, but identification of the character-free larva has 
proved difficult (D. Colless and P. Cranston, pers. comm.). 
A~ e: Very young . females did not have large oocytes. Three females that 
emerged from pupae recovered from excavated nests and were dissected 
within a day of emergence, had small oocytes (all <.2mm), obvious fat 
reserves in the abdomen, the meconium intact, no yellow bodies and no 
sperm in the spermatheca. 
The length of the largest oocyte increased with age for the first 10 days 
of a young female's life (Fig. 2). Females that showed no wing or mandible 
wear when collected ( =one day old), had no oocytes longer than 1.0mm. The 
six to 13 day old females had large developing oocytes, about the size of 
mature eggs. The females that had been marked for fewer than 10 days had 
no yellow bodies, while the 13 day old female had two. Only females from 
aggregations under daily observation were considered. Even with daily 
observation, the ages may be underestimated by one to three days because of 
the possible time lag between emergence and marking. Therefore I assume 
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it takes about 10 days for the first large oocyte to be produced, rather than 
the seven days as suggested by Figure 2. 
Females that had been active for at least 100 days after overwintering, 
were still capable of producing eggs. Females that had overwintered in 1986 
and were still alive at the end of January 1987 had large developing oocytes 
(Mean= 1.62±0.2l(S.E)mm, n=6). Four of these six females had developing 
oocytes more than 1. 8mm long. 
Two analyses were conducted to determine the relation between age and 
oocyte development. The first was at the level of the aggregation. Both the 
length of the largest developing oocyte and the sum of the lengths of all 
developing oocytes were compared with age. Correlation analysis was 
performed only within sampling periods to eliminate subtle seasonal effects. 
The second analysis was at the level of the nest. I counted the nests where 
the oldest female had the largest developing oocyte and compared this to an 
expected value based on the assumption that all · females in a nest had an 
equal probability of having the largest developing oocyte. 
Within aggregations, there was no consistent correlation between 
length of the largest developing oocyte and age for females between 10 and 
100 days old (Table 4). The March sample, where the correlation was 
significant, included many relatively young females that were resorbing 
their largest oocyte and was collected near the end of the nesting season. In 
contrast, within a nest the oldest female had the largest developing oocyte 
more frequently than the younger females ( 44/65 nests, Chi-square=27 .39, 
ldf, p<0.001, expected value calculated by assuming each female in a nest 
equally likely to have largest developing oocyte, samples from both sites and 
all years combined). 
Size: Two analyses, at the level of the aggregation and the nest, paralleling 
those of age, were conducted to ascertain the relation between size and oocyte 
development. There was no consistent correlation between length of largest 
developing oocyte and head width for females between 10 and 100 days old 
within aggregations (Table 4). Size was negatively correlated with oocyte 
length in one sample and positively correlated in two others. In these 
samples, size explained a small proportion of the variance 1n oocyte length. 
Because of this apparent lack of correlation between head width and oocyte 
length, I checked that head width was a reasonable predictor of size in C... 
antipodes and found that head width was positively correlated with width of 
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the second abdominal segment (r=0 .96. p<0 .001), wet mass (r=0.95, p<0.001) and 
dry mass (r=0.97, p<0.001; n=20 females collected at Black Mt, Canberra, ACT on 
12 Jan 1988). Within a nest, the largest female had the largest develop ing 
oocyte more frequently than the smaller females (36/65 nests, Chi-
square=24.98, ldf, p<0.01, expected value calculated by assuming each female 
in a nest equally likely to have largest developing oocyte, samples from both 
sites and all years combined). 
Behaviour: Oocyte size did not differ between provisioners and 
nonprovisioners. In two of three aggregations there was no difference In 
the length of the largest developing oocyte between provisioning and 
nonprovisioning females (Table 5). A comparison of provisioning versus 
nonprovision1ng females from the same nest showed no difference in the 
lengths of their largest developing oocytes (Paired t-test, n=20 pairs, t=0.40, 
p>0.1 ). Both provisioning females and nonprovisioning females were found 
with their largest oocyte being resorbed. Young females, with their largest 
oocyte less than 0.5mm long, and females with no developing oocytes larger 
than 1.0mm provisioned nests. The rate of provisioning (prey/female/hour) 
at an aggregation was not correlated with the proportion of females with 
large oocytes (Fig. 3, n=6, r=0.26, p>0.10). This was based on a small sample and 
the trend observed is suggestive of an effect. 
Females collected while they searched for a nest (Elliott et al. 1986), and 
the ref ore not resident in a nest, had oocytes of a similar size to fem ales 
resident in a nest (Nonresident, Mean=0.93± .20(S.E.)mm, n= 11 ; Resident, 
Mean= 1.25 ± .22(S.E.)mm, n= 15, t= 1.05, p>0.1) in a sample collected at Pincham, 
10-12 Jan 85. 
Nestm ates: Sharing a nest with other females did not affect the capacity of a 
female to lay an egg. Females in single female nests and females in shared 
nests were just as likely to have a large developing oocyte (Warrah 1 and 2, 
January 1987 samples combined, n=13 In one female nests, n=53 in mult i-
female nests, Chi-square=0.003, 1 d.f., p>0.10; Pincham, January 1985 and 
January 1987 samples combined, n=15 1n one female nests, n=45 in multi-
female nests, Chi-square=0.50, 1 d.f., p>0.10). 
Level of social behaviour: A range of types of sociality (Michener 1974; 
Sakagami and Maeta 1977) was recognized in multi-female nests (Table 6). 
Multi-female nests had one to six females with large developing oocytes. 
Eusocial nests with two generations of females and with only one old female 
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or one young female capable of laying were found in December and January 
(Nests 1,2). At the same time of year, eosocial (Sakagami and Maeta 1977) 
nests with two generations of females and all or most females capable of 
laying were found (Nests 4, 10). Many nests were communal or quasi social 
because all females had large oocytes (Nests 6, 8). Some nests could be 
considered semisocial because females with only small developing oocytes 
were provisioning and there was no overlap of generations (Nests 5, 7, 9). 
Nests with no females capable of laying an egg were found, including both 
single and multi-female nests (Nests 13, 17). Females in single female nests 
with and without a large developing oocyte were found (Nests 14-17). 
Discussion 
Most female C... antipodes were capable of reproducing. There were 
constraints imposed by age, parasites and season, but living alone or in 
shared nests had little effect on oocyte development. The older, larger 
females in a nest tended to have larger developing oocytes than their 
nestmates and there was considerable variation 1n oocyte development 
among females, suggesting that there is more to the social behaviour of C... 
antipodes than females sharing nests on equal terms. Here I consider the 
factors that influence oocyte development, the evidence for increased or 
decreased reproduction by some females and I will conclude with a 
consideration of the level of social behaviour in ~- antipodes. 
Not all females had large developing oocytes during the nesting season. 
Insemination, age, size, and the presence of nestmates could affect 
development of oocytes, but none had much effect (Alcock 1980; Evans and 
Hook 1982, 1986). Uninseminated females were capable of producing large 
oocytes. There was no difference in oocyte development between 
provisioners and non-prov1s1oners. Both provisioners and nonprovisioners 
were found with resorbing oocytes or large developing oocytes. Some 
females with very small oocytes brought prey to the nest. These females 
were presumably providing prey for the offspring of · another female , an 
indication of cooperation among nestmates. The prey these females collect Is 
available to other females in the nest because prey 1s cached in the main 
tunnel of the nest before a cell IS excavated (Evans 1971; Iwata 1976; 
McCorquodale unpubl.). Some of these "cooperative" females were too young 
to have a large developing oocyte, while others were older and were 
resorbing their larger oocytes. 
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Females less than 10 days old, parasitized females and females collected 
outside of the nesting season lacked large developing oocytes and therefore 
could not reproduce. By contrast, most females with none of these 
constraints had developing oocytes that could be laid as eggs within a day or 
two. There was no evidence of seasonal trends within the nesting season, but 
a decline in reproduction toward either end of the season would be expected. 
The availability of prey may contribute to this reproductive pattern. 
Although the correlation between provisioning frequency and the 
proportion of females with a large developing oocyte was not significant, this 
analysis was based on a small sample. When no prey were brought to nests 
outside of the nesting season, no females had large developing oocytes and 
declining rates of provisioning at Warrah 1 in 1986 corresponded with a 
lower frequency of females with large developing oocytes. 
Oocyte size and development did not vary with size and age except that 
females less than 10 days old could not have a fully grown oocyte. Old 
females, more than 100 days old, were still capable of producing large 
oocytes. These females had lived much longer than the life span of most 
sphecids (Toft 1987). Female size influences oocyte size in other sphecids 
(O'Neill 1985) and oocyte development in some primitively eusocial bees and 
wasps (Michener 1974 ), in contrast to the situation found in c_. antipodes. 
Relative size and age did have a minor influence on oocyte size within a 
nest. Larger, older females tended to have larger oocytes than the other 
females in the nest. The effect of nestmates was small because no difference 
between females in single female nests versus multi-female nests could be 
detected. The social environment had minimal effect on oocyte development 
compared to that observed in other primitively social or primitively eusocial 
bees and wasps (Michener 197 4; Roseler 1985; Schwarz et al. 1987). 
Diet was not considered explicitly in this study but could also influence 
oocyte development. A protein source has been shown to be a requirement 
for successful oocyte development in many species of insects including some 
aculeate Hymenoptera (Bell and Bohm 1975; Sihag 1986). Adult female C.. 
antipodes feed at flowers, especially those of Eucalyptus spp., and eat 
honeydew. Floral resources and honeydew were consistently available at 
Warrah (McCorquodale unpubl.). Yet at Warrah 1 and Warrah 3, 
aggregations within a few hundred metres of each other in similar 
vegetation, the proportions of females with large developing oocytes were 
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markedly different. Nectar sources were abundant at Black Mountain 1n 
December 1987, and again many females were resorbing large oocytes. These 
observations suggest that the diet of the females does not limit oocyte 
development. 
Sphecids are similar to most solitary aculeates in that they lay 
relatively few eggs for an insect (Iwata 1976). Laying an egg every one to 
three days appears to normal for solitary species of Cerceris (Linsley and 
MacSwain 1956; Willmer 1985). The prevalence of resorbing oocytes suggests 
decreased fecundity in some females of C... antipodes. compared to females of 
solitary species. although data on solitary species of Cerceris are not 
available. Freeman (1973, 1976) has shown that about half of all emerging 
females of the sphecid, Sceliphron assimile, do not bulld a nest or lay eggs. 
Nonreproducing females would be difficult to identify in many populations of 
sphecids because they are not present at nests where the wasps are studied. 
Nonreproducing female .C... antipodes may be more obvious because they 
remain in the natal nest and live for a few months, thus providing the 
opportunity to be observed (Chapter 2). This may in part account for the 
observations of many females without large developing oocytes and perhaps 
for the many females that do not provision (Chapter 4 ). A few females had 
two large developing oocytes present at one time. This could be interpreted 
as circumstantial evidence for an increased reproductive capacity in a few 
individuals. Clearly. there is considrable variance in the reproductive 
capacity among females of .C... antipodes. 
The apparent level of social behaviour varied from nest to nest, based on 
inferences from oocyte development. There were nests that could be 
considered eusocial, however most nests were parasocial (communal, 
semisocial or quasisocial), while some were eosocial and many were solitary 
(Table 6). In most nests the combination of residents and number of 
residents changed every few days (Chapter 2). as has been found in several 
other species of Cerceris (Tsuneki 1965; Alcock 1980; Evans and Hook 1982, 
1986; Elliott et al. 1986). The level of sociality for any nest will change as the 
females sharing it move 1n and out. The level of sociality depends on the 
presence of an overlap of generations, cooperation in the nest and a 
reproductive division of labour. Here I could consider only the oocyte 
development and infer level of social behaviour from that. .C... antipodes 1s 
best considered a species that shares nests for two reasons. Given the 
considerable variation in reproductive development and the labile 
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associations of residents in the nests it appears that nests are shared by 
random, based on oocyte development, associations of females. Two points 
emerge from this conclusion. One is that a detailed study of oocyte 
development and egg laying of a solitary species of Cerceris is needed for 
comparison with nest sharing species. The second is that there 1s 
considerable variation in reproductive capacity among females 1n shared 
nests, an apparent preadaptation for the evolution of a reproductive division 
of labour among females in shared nests. 
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Table 1: The lengths in mm of the three largest developing oocytes and the largest resorbing oocyte in female Cerceris 
antipodes . Standard errors are in parentheses beside means and sample sizes are in parentheses under place of collecti on . 
Samples are listed by date of collection starting at the beginning of the active season. Females that were young, 
parasitized or without a nest are not included. 
Developing 
Aggregation Date Largest Second 
Mean Max. Mean Max. 
Black Mt. 27 Sep 87 0.41(0.12) 
(n= 10) 
Pincham 4-24 Nov 85 2.28 (0.10) 
(n=9) 
Black Mt. 27 Dec 87 1.91(0.12) 
(n=24) 
Pincham 3-4 Jan 87 1.52(0.08) 
(n=4 7) 
Pincham 3-12 Jan 85 1.13(0.24) 
(n= 12) 
Warrah 3 21 Jan 87 0.76(0.10) 
(n=49) 
Warrah 1 29-31 Jan 87 1.89(0.07) 
(n=34) 
Warrah 2 4-7 Feb 87 1.74(0.10) 
(n=33) 
Warrah 1 13-15 Feb 85 1.03(0. 18) 
(n= 19) 
Warrah 1 20-23 Feb 86 1. 76(0. 11) 
(n= 12) 
Warrah 1 1-4 Mar 86 1.23(0.08) 
(n=47) 
P i n c h a m 19-2 7 Mar 8 5 + 8 6 1. 18 ( 0. 13) 
(n= 13) 
Pin c ham 18-2 1 Apr 85+86 0.59(0. 12) 
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Table 2: The proportions of females of Cerceris antipodes with a large 
developing oocyte (> 1.6mm), at least one resorbing oocyte and with the 
largest oocyte resorbing. Samples are listed by month of collection starting 
in early spring, the beginning of the active season. Females that were 
young, parasitized or without a nest are not included. 
Aggregation Date 
Black Mt. 27 Sep 87 
Pinch am 4-24 Nov 85+86 
Black Mt. 27 Dec 87 
Pinch am 3-4 Jan 87 
Pinch am 3-12 Jan 85 
Warrah 3 21 Jan 87 
Warrah 1 29-31 Jan 87 
Warrah 2 4-7 Feb 87 
Warrah 1 13-15 Feb 85 
Warrah 1 20-23 Feb 86 
Warrah 1 1-4 Mar 86 
Pinch am 19-27 Mar 85+86 
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Table 3: The presence of sperm in the spennatheca of female Cerceris 
antipodes. The females from Pincham in Nov 86 and Black Mountain in Sep 
87 were active before the first males of the spring were active. 
Females 
Aggregation Sampled Emerged 
Black Mountain 25 Sep 87 Apr 86 
Pinch am 16-17 Nov 86 Apr 86 
Warrah 2 10 Dec 87 Dec 86 
10 Dec 87 Apr 86 
Pinch am 3-4 Jan 87 Apr-Dec 86 
Warrah 1 29-31 Jan 87 Apr 86-Jan 87 


















Table 4: Correlation coefficients (r) between size (head width in mm) and 
the length of the largest developing oocyte and the sum of the lengths of all 
developing oocytes, and correlation coefficients between age and the length 
of the largest developing oocyte and the sum of the lengths of all developing 
oocytes in females of Cerceris antipodes. Females that were young, 
parasitized or without a nest are not included. 
Head width Age 
Aggregation Date n Largest All Largest All 
Warrah 1 13-15 Feb 85 19 -0.47* -0.52* 0.15 0.11 
20-23 Feb 86 13 0.05 0.26 0.53 0. 19 
1-4 Mar 86 50 -0.09 -0.05 0.12** 0. 72 * * 
29-31 Jan 87 34 0.25 0.36* 0.07 -0.13 
Warrah 2 4-7 Feb 87 33 0.11 0.12 0.15 0.10 
Warrah 3 21 Jan 87 49 0.43* * 0.31 * 0.04 0.23 
Pinch am 4-12 Jan 85 1 1 0.22 -0.09 0.15 -0.23 
3-4 Jan 87 48 0.28* 0.40* * 0.12 0.26 
Black Mt. 27 Dec 87 24 0.04 0.26 0.08 0.41 * 
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Table 5: Length (mm) of the largest developing oocyte in provisioning and 
nonprovisioning females of Cerceris antipodes in multi-female nests. 
Females that were too young to have developed oocytes or were parasitized 
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Mean(S.E.) n t p 
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Table 6: Selected nests demonstrating the range of social types in Cerceris antipodes. Two young females (Age=l) are 
included. For each female head width (mm), age (wear measure), lengths of oocytes (mm), whether she provisioned in the 
previous week and was inseminated are shown. No parasitized females are included. 
Aggregation Date 
Pinch am 3-4 Jan 87 
Pincham 3-4 Jan 87 
Black Mt. 27 Dec 87 
Black Mt. 27 Dec 87 































































































"-" .. ....,, ·~.:........,..,.:..::=:=:>._ ...c..._,...---,. : i Li!!~ :.- ....... ........-...=- J.:zs.:;:s2_ _ ___._ - - ~ - - v . - __ .,_ ~~- ~~ - =. ~ --· - .. .:..... .;;;---~Aq--- ,::: .. - = - ~ _..~ 
Aggregation Date Nest 
Pinch am 3-4 Jan 87 6 
Warrah 2 6 Feb 87 7 
Warrah 2 6 Feb 87 8 
Warrah 1 15 Feb 85 9 
Warrah 1 30 Jan 87 10 




























































































- - no 
- - yes 
- - yes 
- - yes 
- - yes 
- - yes 





















Warrah 3 21 Jan 87 
Warrah 1 4 Mar 86 
Warrah 1 30 Jan 87 
Warrah 1 30 Jan 87 
Pinch am 3 Jan 87 
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Figure 1: Diagram of ovaries, ovarioles and representative oocytes in various 
stages of development of a female Cerceris antipodes. CL yellow body or 
corpus luteum, DN degenerating nurse cells, DO resorbing oocyte, LO large 
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Figure 2: Length of the largest oocyte and age in days of recently emerged 
females of Cerceris antipodes. Females were marked as just emerged females 
and subsequently caught and dissected (for ages 3 to 13 days) or collected as 
just emerged females and dissected (age 1 day). All collections are from Jan, 
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Chapter 3--0ocyte development 
Fig. 3: The proportion of females of Cercerjs antipodes with a large 
developing oocyte versus the number of prey brought to the 
nest/female/hour ( on a log scale) during the 5 days prior to collection. 
Samples from Pincham were collected Jan 1985 and Jan 1987 and at Warrah 
Feb 1985, Feb 1986, Mar 1986 and Jan 1987. 
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1) I studied behaviour of individual females of Cerceris antipodes at two 
nesting aggregations in New South Wales. Females provision (bring prey to 
the nest for young to eat) and guard (sit at nest entrance and repel nest 
marauders). 
2) There was not an intra-nest (guarding) versus extra-nest (provisioning) 
division of labour. Some females were both consistent guards and 
provisioners, while other females rarely did either. 
3) Provisioning frequencies varied considerably among females. Many 
females did not bring prey to -the nest at all, while others consistently 
returned with prey. No correlation was found between a female's size or age 
and her provisioning frequency. There was a tendency for females that had 
been active for more than 90 days not to provision. The average number of 
prey collected per female per day was low. 
4) Most females guarded and there was considerable vanauon in frequencies 
among females. No consistent correlation was found between a female's size 
or age and her guarding frequency. 
5) There was no apparent division of reproductive labour. Provisioning 
frequency was not correlated with oocyte development. Some provisioners 
not capable of laying an egg shared a nest with nonprovisioners capable of 
laying an egg, suggesting that females in a nest may cooperate to complete a 
cell. In other nests both provisioners and nonprovsioners were capable of 
laying eggs. The number of available eggs exceeded the number that could 
be laid, suggesting competition among nestmates for use of prey cached in 
the nest. 
Introduction 
Groups of social insects can work more effectively through a division of 
labour among individuals (Oster and Wilson 1978; Jeanne 1986a). Increased 
reliability and coordination in a nest can result from individuals specializing 
on certain tasks. The best examples of task specialization are found in the 
highly eusocial ants and termites (Wilson 1971) and some examples of 
improved organization of work are known in primitively eusocial wasps (e.g. 
Jeanne 1986b). A division of labour is possible in any social group, and if 
there is a division of labour, the individuals in the group may be said to 
cooperate. 
The nests of several species of Cerce ri s are shared by groups of two to 
eight females (Evans and Hook 1986a; Hook 1987). This contrasts with the vast 
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majority of C erceri s species 1n which only one female occupies a nest. The 
most striking difference between solitary and nest sharing species is the 
tolerance shown towards conspecifics in shared nests. The normal reaction 
of a female Cerceris to another female 1n her nest is to bite with her large 
mandibles (Alcock 197 5; Hook 1987) or to abandon her nest (Elliott and Elliott 
1987). However in shared nests, residents and occasionally nonresidents , are 
allowed to enter without overt physical aggression shown towards them 
(Alcock 1980; Elliott et al. 1986; Hook 1987). Other behaviour patterns are 
similar in both solitary and nest sharing species. In both situations females 
carry their prey, dig their nests, and guard their nests 1n the same way. In 
solitary species one female must perform all of the tasks associated with 
reanng a young wasp. In nest sharing species all of the tasks must be done, 
but there is the option of partitioning tasks among individuals. 
Division of labour includes both task partitioning and individual 
behavioural roles (Jeanne 1986a) and both might occur in nest sharing 
Cerceris. Task partitioning is possible because of the use of a common nest 
and the cell provisioning sequence. Nest architecture is consistent 
throughout the genus, with one main tunnel that is shared by all residents 
(Evans 1971; Evans and Hook 1986a). Females must leave their nest to( collect 
the beetles ( or in some species bees) they provide as food for their larvae. A 
beetle is caught on vegetation, stung and paralyzed, and then transported 
back to the nest. Several beetles are required to provide the food a larva 
needs to mature (Evans 1971; Evans and Hook 1986b ). The prey are stored 1n a 
cache in the tunnel before the cell is constructed in all species of Ce re eris 
(Evans 1971; Evans and Hook 1986a; McCorquodale unpubl.). Therefore it 
would be possible for one female to collect the prey while another stayed in 
the nest to dig new cells and guard the nest. Behavioural roles for 
individuals are suggested by Evans and Hook's ( 1982, 1986a) observations 
from several species of Cerceris that some females provision consistently, 
while others consistently do not provision for periods in excess of 30 days. 
They suggest that the nonprovisioners act as guards. Behavioural 
specialisation based on provisioning may not be universal , as Alcock ( 1980) 
did not find roles in his short study of s:_. antipodes, a species also studied by 
Evans and Hook ( 1986a). An alternative to task partitioning and behavioural 
roles is that each female 1n a nest is functioning independently. 
Here I present data on provisioning frequency at the aggregation and 
nest level and look for behavioural roles in Cerceris antipodes Smith based on 
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differences in levels of prov1s1on1ng and guarding among females. The 
influences of age and size on behaviour are considered as well as the 
consistency of the roles of individual females through time. Most, but not all, 
females have well developed oocytes (Chapter 3). The most obvious instances 
of cooperation would be expected in nests shared by a female which brings 1n 
prey but is not capable of laying an egg and also by females which do not 
prov1s1on and are capable of laying. Oocyte development was examined in 
many of the females and results are combined with behavioural observations 
to assess the possibility of cooperation among nestmates. 
Methods 
Two aggregations of ~- antipodes nests were studied, one on a sandy 
track near Warrah Trig in Brisbane Water National Park (33° 33' S, 151° 17' E) 
and the other along a sandy track at Camp Pincham in Warrumbungle 
National Park (31° 18' S, 149° 01' E), New South Wales, Australia. Despite the 
difference in location, Warrah on the coast and Pincham in the drier inland, 
the seasonal cycle and behaviour of ~- antipodes at the two sites were very 
similar (Chapter 2). Voucher specimens of the wasp have been deposited in 
the Australian National Insect Collection, CSIRO, Canberra. 
Intensive observations were conducted at Pincham from 31 Dec 1984 to 
12 Jan 1985 and at Warrah from 15 Jan to 15 Feb 1985. Other observation 
periods were 4 to 15 Dec 1986 and 10 to 31 Jan 1987 at Warrah and 10 to 18 Nov 
and 20 to 31 Dec 1986 at Pincham. Within each aggregation during each 
observation period a group of 10 to 15 nests was selected and all females in 
these nests individually marked with paint on the thorax and frons. This 
. 
allowed indentification when females entered and left the nest and when the 
female sat at the nest entrance. The size (head width in mm), and relative 
age, as measured by wear of wing margins, mandibles and fac ial pubescence 
(see Chapter 2), of the female were recorded when she was marked. Many 
females were aged several times over a period of several weeks. All 
subsequent readings showed equal or greater wear and a relatively constant 
rate of change among fem ales was noted for periods of 6 to 10 weeks. 
Behavioural observations of females were made after a majority of 
wasps were marked and during a time when the weather was suitable for 
provisioning. Nests were probed with a straw 1-12 times per day . A female 
responding to the probe was considered to have guarded (see Chapter 6). 
Nests were watched and all wasps leaving, entering, and entering with prey 
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were recorded. At Warrah 1n Jan and Feb 1985 (5 nests) and at Pincham in 
Jan 1985 (10 nests) nests were watched constantly throughout the active 
periods of the wasps on five days. During the other periods all nests were 
observed for one to six hours a day. The rate of provisioning was affected by 
weather. Therefore the number of prov1s1on1ngs observed was averaged per 
observation unit (day or hour) for all wasps present in the nests. This 
average was subtracted from the performance of each female and summed 
over all days of observation. This deviation from the average, or residual 
value, reflected an individual's position with respect to other females active 
under the same conditions. Similarly a residual guarding frequency was 
calculated for each female based on the average proportion of responses per 
female to probes at nests with n. resident females during each observation 
period (see Table 2, Chapter 6 for frequencies). Females were used in the 
analyses of provisioning if present for at least one all day watch, and 1n 
analyses of guarding if exposed to at least 10 probes. Observations of 
provisioning from outside the two main observation periods are reported as 
residuals based on at least 8 hours of observation. Only individuals present 
for the period under consideration are used. Individuals in nests where more 
than 10% of provisionings or guardings were not attributable to a known 
individual were excluded from the corresponding analysis. 
All resident females in a sample of nests that had been under 
observation in Dec 1986 and Jan 1987 at Pincham and Jan 1987 at Warrah 
were collected. These females were dissected to assess oocyte development 
following the techniques described in Chapter 3. 
Results 
Provisionin~: The average number of prey brought to a nest by a female per 
day was low and was not correlated with the number of females residing in 
the nest at Warrah (Jan and Feb 85, n=25, r=-0.18, p>0.10) but was positively 
correlated at Pincham (Jan 85, n=47, r=0.39, p<0.05) during the all day 
observations (Fig 1). The average number of prey per female per day at 
Pincham was 0.04 on 3 Jan, 0.94 on 5 Jan, 0.46 on 7 Jan, 1.27 on 9 Jan and 0.62 
on 11 Jan; and at Warrah 0.55 on 20 Jan, 3.30 on 24 Jan, 5.24 on 27 Jan, 0.18 on 
2 Feb and 0.16 on 7 Feb. Weather conditions during these observations were 
typical for the area and season, and suitable for provisioning. The daily 
maximum temperatures at W arrah ranged from 24 to 28° , compared to the 
seasonal average of 25°. At Pincham maximums ranged from 32 to 35°, 
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typical summer days in inland New South Wales. Despite the suitable 
weather conditions. the number of prey brought back to most nests was low. 
Frequently no prey were brought to some multi-female nests during a day of 
observation, while one to four females brought prey to other nests (Table 1). 
A minimum of 10 prey are needed for each cell (Evans and Hook 1986b). On 
few days at any nests were enough prey provided so that all or even most 
residents could lay an egg. 
The variation 1n frequency of provisioning by individuals was dramatic, 
ranging from O to 84 prey in one day. One individual exhibited this range 
during the five days of observations at Warrah. On two days this female did 
not bring any prey to the nest, on the other days she returned with one, 19 
and 84 prey. Fifteen females, 9 at Pinc ham and 6 at W arrah, were present for 
all five observation days. Five of these females did not provision during the 
five days, four on only one day, one on two days, four on three days and one 
on four days. No females provisioned on all five days. 
The residual provisioning frequency. as measured by deviation from the 
aggregation average, takes into account the overall level of provisioning at 
the aggregation on a given day and gives a measure of how active individual 
females were. Residual provisioning frequency was not correlated with size 
(Fig. 2, Pincham, n=50, size r=-0.11, p>0.10; Warrah, n=30, size r=-0.33, p>0.10) 
or age of female (Fig. 3, Pincham, n=50, age r=-0.01, p>0.10; Warrah, n=30, age 
r=0.22, p>0.10). Many females were not seen carrying prey during the 
observations. There was a slight trend at both sites for very young and very 
old females not to provision as much as other females. Recently emerged 
females may not provision for the first few days of their ~dult lives, although 
many females less than one week old were seen provisioning. A decline in 
provisioning by older females was ·evident when individuals were followed 
through time. In Nov 1986 at Pincham a group of females that had 
overwintered was watched. Four of these seven females provisioned during a 
week of observations in Nov. while none of them provisioned during a week 
of observations ending 31 Dec. Four of five females that had overwintered 
(emerged March 1986) did not prov1s1on during observations from 10-31 Jan 
1987 at Warrah. The one female that did provision did so only on 14 Jan. 
Guardjn~: Nests were frequently guarded by females (Chapter 6). The 
frequency of guarding increased as the number of females residing in the 
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nest increased, although the average number of times an individual female 
guarded decreased as nest size increased (Chapter 6). 
There was much variation in frequency of guarding by individual 
females. Using deviations from average to control for the effect of nest size 
and sampling period, the residuals demonstrate this variation among 
individuals. There was a negative correlation between size and residual 
guarding frequency at Pincham but not at Warrah (Fig. 4, Pincham, n=24, r=-
0.52, p<0.01; Warrah, n=31, r=-0.04, p>0.10). The residuals were not correlated 
with age of the females (Fig. 5, Pincham, n=24, r=-0.27, p>0.10; Warrah, n=31 , 
r=-0.02, p>0.10). Individuals did not show a consistent tendency to guard 
through time (Table 2). Guarding by individuals was not correlated between 
samples in Jan and Feb 1985 at Warrah (Warrah, n=14, r=0.22, p>0.10). 
Provisionin~ and ~uardin~. cooperation and oocytes: Females that 
provisioned less frequently than average did not tend to guard more 
frequently than average or vice versa (Fig 6, Pincham, n=22, r=0.36, p>0.10; 
W arrah, n= 19, r=0.04, p>0.10). Provisioners and guards were not two mutually 
exclusive groups of females in nests. Several females at both sites guarded 
and did not provision. Other females both guarded and provisioned at above 
average levels. Several females provisioned and guarded below the 
aggregation averages at both sites. 
Cooperation in this context 1s more than one female working to complete 
a cell. The most obvious instances should be in nests where nonprovisioners 
capable of laying an egg live with one or more provisioners which are not 
capable of laying an egg. I selected nests with a long term nonprovisioner, 
one or more prov1s1oners and stable occupancy for a week before collection 
in Jan 1987 at Pincham and Warrah. Some nonprovisioners with large 
developing oocytes shared nests with prov1s1oners with only small oocytes 
(Table 3: nests 12, 82), as expected if these females were cooperating. The 
converse was also true, with the provisioner having large oocytes and the 
nonprovisioner with small oocytes (Table 3; nests 80, 117, 224). Several nests 
included both provisioners and nonprovisioners with large oocytes (Table 3: 
nests 90, 139, 214, 226). There was no consistent trend for provisioners or 
nonprovisioners to have larger or smaller oocytes (see Chapter 3 ). One point 
to note is that some nests had several females with eggs ready to lay, more 
than could be laid given the levels of provisioning observed. 
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Discussion 
There was no division of labour: Some females of C.. antipodes brought prey to 
the · nest consistently while others rarely provisioned. The propensity to 
prov1s1on was not correlated with the level of guarding shown by these 
females. Provisioners and nonprovisioners did not differ in their oocyte 
development (Chapter 3). Nests sometimes included a nonprovisioner capable 
of laying eggs and a provisioner with only small oocytes. However other 
nests had the opposite combination and many nests included several females 
with large oocytes (Chapter 3). There was no consistent division of labour 1n 
c_. antipodes. If there was a division of reproductive labour provisioners 
would be expected to have smaller oocytes than nonprovisioners, because 
very few provisioners would be capable of laying eggs. Provisioners and 
nonprovisioners from the same nest did not show any difference in oocyte 
size (Chapter 3). A division of labour based on intra- versus extra-nest 
activities would also be possible (Alcock 1980; Evans and Hook 1982, 1986a). In 
this case an inverse relation between provisioning and guarding would be 
expected, but the data presented here did not support this. 
Most females guarded the nest entrance. There was a large variance 1n 
guarding frequencies, but there was no evidence that some females fulfilled 
a guarding role while others did not guard. The size of the female did not 
determine guarding frequency and age also had little effect. Individuals did 
not guard consistently through time. Guarding 1s a response by females near 
the entrance to disturbances at the nest entrance. If a female is at the 
entrance she will respond to a disturbance. The frequency of guarding by an 
individual is therefore a function of how often she is near the entrance. A 
provisioner passes the entrance on her way in and out. Other females sit 
near the entrance on their way out of the nest or as they warm up in the 
mormng (Willmer 1985a), so there is an opportunity for all females to guard. 
Defence by guarding females provides an advantage to females which have 
laid eggs in the nest (Chapter 6). However, it seems parsimonious to interpret 
guarding as simply the result of females being near the entrance when 
disturbances occur. 
There 1s a better case for roles based on provisioning. Some females 
were never seen bringing prey to the nest 1n weeks of observations. Evans 
and Hook ( 1986a) showed that some females provision consistently for several 
weeks, while others do not in c_. australis, ~. ~oddardi and ~. antipodes. In 
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slight contrast to their observations of females prov1s1oning on all suitable 
days, no females provisioned on all five days of intensive observations in this 
study. Alcock's ( 1980) study of .C.. antipodes, although lasting only 19 days , 
also demonstrated that a few females did not prov1s1on. In all three studies 
there is clear evidence that some females do not provision. There appears to 
be a continuum of females from consistent provisioners to infrequent 
provisioners to nonprovisioners. The data presented by Evans and Hook 
( 1982, 1986) suggest that a distinction between provsioners and 
nonprovisioners is useful while the data presented here suggest recognition 
of a continuum from nonprovisioners to above average prov1s1oners would 
be more useful. Willmer ( l 985a,b) showed that size correlated with 
provisioning frequency in C... arenaria. No evidence of size affecting 
frequency was found in this study. After 60 to 90 days of nesting activity few 
females provisioned. Other than this trend, age did not influence 
prov1s1on1ng frequency. Females of all ages were found that did not 
prov1s1on. 
Low provisionin~ rates: Alcock (1980) noted that provisioning was an 
activity of low priority 10 c_. antipodes. The low levels of provisioning 
observed at both sites during this study corroborate this conclusion. Not 
enough prey were captured during a day for all females with large 
developing oocytes at most nests to lay an egg. In two solitary species of 
Cerceris it has been shown that females take one to three days to collect 
enough prey for a cell (Linsley and MacSwain 1956; Willmer l 985a,b ). In .C.. 
antipodes many females that provision bring in the three to 10 prey expected 
if a similar cell stocking rate is assumed. In addition a few females bring in 
enough prey for two cells and some females never prov1s1on. The variance 
in provisioning frequency among females of C... antipodes appears to have 
increased compared to solitary species because of the increase · by a few 
females and the lack of provisioning by others. This assumes that 
nonprovisioners do not occur in solitary species and that the two studies on 
solitary species documented peak provisioning frequencies. Willmer ( 1985b) 
has also shown that females collect fewer prey in shared versus solitary nests 
in C... arenaria. However, Evans and Hook (1982) record higher provisioning 
frequencies in C... australi s, with enough prey for about three cells being 
provided per day at nests of two to seven females. 
Possible explanantions: Cooperation may be defined as more than one 
individual working towards the same end. In some nests provisioners which 
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were incapable of laying eggs presumably provided prey on which 
nonprov1s1oners laid an egg. Caching prey in the tunnel before cell 
construction and egg laying provides the opportunity for one female to use 
prey collected by another. Prey collected by females of two different species 
of Cercerjs have been found in the same cell (Hook 1987; McCorquodale and 
Thomson 1988). Therefore it is likely that females of c_. antipodes use prey 
collected by their nestmates if the opportunity arises. Despite this apparent 
cooperation between females in some nests, there were many nests where 
cooperation based on shared prey was not evident. 
Cerceris antipodes is parasocial (sensu Michener 1974) because it lives 
1n small social groups and does not have castes. It is not clear whether it 
should be regarded as communal, with each female working on her own cell, 
or quasisocial, with cooperation among females to provision cells. Indeed 
some nests may be considered communal while others should be considered 
quasisocial. Three explanations for the level of social behaviour observed in 
c_. antipodes. including the low provisioning frequencies and lack of oocyte 
development in some females, are listed below. The three are not mutually 
exclusive, but all are testable. The first is a nonadaptive explanation. 
Females of C.. antipodes remain in nests with other females rather than 
disperse or build their own nest (Chapters 2,7). Therefore a much higher 
proportion of the female population is observed compared to solitary species. 
Therefore females that do not provision or lay eggs are seen at the nests of c_. 
antipodes. whereas in solitary species they are generally not observed. 
Freeman (1973) has shown that many females do not build nests in at least 
one species of solitary sphecid. The second explanation 1s an adaptive one. 
Females of c_. antipodes remain 1n a nest waiting for an opportunity to dig a 
new nest or to have preferential access to the old nest. These opportunities 
are not always available because of soil conditions (Chapter 7) and the 
presence of other residents. The waiting approach is made possible by the 
long life span of C,. antipodes (Chapter 2) which allows reproduction to be 
deferred now for possibly better reproduction later. This argument IS similar 
to that for delayed breeding in communal birds (Brown 1987). The third is 
also an adaptive explanation. Increased social competition IS expected in 
groups such as the residents in nests of C.,. antipodes (West Eberhard 1983). 
There 1s a new resource in shared nests which females may compete for, that 
is the prey brought in by other females. Females have two options. They 
may go and collect prey and lay an egg on these prey, or they may wait in the 
nest and compete for the opportunity to lay on the prey of another female. 
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Waiting in the nest for an opportunity to lay may have the advantage of 
reducing the risks associated with foraging and therefore increasing a 
female's life span (Alcock 1980). The result of some females waiting in the 
nest should be a slow rate of provisioning because some females are not 
foraging. With a lower provisioning rate, opportunities to lay will be 
decreased in the short term. Therefore we may see females with resorbing 
oocytes when there is little opportunity to lay. 
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Table 1: The number of days on which various numbers of females of 
Cerceris antipodes brought prey to nests with various numbers of residents. 
At Pincham 10 nests were observed throughout the active period on 3, 5 Jan 
and 9 nests on 7, 9, 11 Jan 1985. At Warrah 5 nests were observed throughout 
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Table 2: Residual guarding frequencies for females of Cerceri s ant ipodes at 
Fincham in 1986 and at Warrah in 1985. 
Residual Guarding Frequency 
Female 10 to 18 Nov 26 to 31 Dec 
Pincham B 0.72 3.92 
BT 2.76 -2. 70 
BW 0.12 3.58 
GR 3.16 -1.39 
1G -0.96 -0 .87 
w 1.12 -2 . 18 
Female 22 to 28 Jan 5 to 10 Feb 
Warr ah w -1.89 -5.62 
1G 0.12 4.38 
WY 5.81 -3 .32 
YRX -7.26 -2.50 
G -1.81 -4 .42 
WT2 0.22 1.90 
RG 14.57 -2 . 11 
WR -3.21 -5.18 
BY -8 .12 -3 . 18 
1B 0.53 0.06 
WG -1.47 -1.94 
R 8.96 -0.64 
RT -5.04 -4.64 
YW -0.65 0.37 
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Table 3: The size (head width in mm). age (wear measure). length (mm) of 
the largest developing oocyte. residual provisioning and guarding 
frequencies of females of Cerceris antipodes 1n nests collected at Pincham 3 
to 4 Jan and at Warrah 30 to 31 Jan 1987. Only nests with a nonprovisioning 
female and residents sharing for at least a week before collection are 
included. For age. OW is a female which emerged in March 1986 and 
overwintered, FS 1s a female which emerged 1n Nov or early Dec 1986, the 
























































































































































* A female provisioned these nests but was not collected. 






























Chapter 4--Di vision of labour? 
Fig. I: The number of prey per female brought to nests of Ce re eris 
antipodes with various numbers of residents. Ten nests were observed 
throughout the active period of the wasps on 3 and 5 Jan and 9 nests on 7, 
9, 11 Jan 1985 at Pincham, and 5 nests on 20, 24, 27 Jan, 2 and 7 Feb 1985 at 
Warrah. The points at O prey per female per day often represent more 
than one point, see Table 1 for details. 
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Fig. 2: The size (head width in mm) of female Cerceris antipodes versus 
their residual provisioning frequency at Pinch am in Jan 1985 and at 
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Fig. 3: The age (wear measure) of female Cerceris antiQodes versus their 
residual prov1s1on1ng frequency at Pinch am in Jan 1985 and at Warrah in 
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Fig. 4: The size (head width in mm) of female Cerceris antipodes versus 
their residual guarding frequency at Fincham in Jan 1985 and at Warrah 
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Fig. 5: The age (wear measure) of female Cerceris antipodes versus their 
residual prov1s1oning frequency at Pincham in Jan 1985 and at Warrah 
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Fig. 6: The residual prov1s1oning frequency versus residual guarding 
frequency of female Cerceris antipodes at Pincham in Jan 1985 and at 
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Provisioning Residual 
Relatedness among nestmates in a primitively social wasp, 
Cerceris antipodes (Hymenoptera: Sphecidae) 
Submitted to Behavioral Ecolo~y" and Sociobiolo~y. 
Summary. Kin selection, acting through high levels of relatedness, may be 
an important promoter in the evolution of nest sharing. Cerceris antipodes 1s 
a sphecid wasp that shares nests in contrast to the majority of sphecids 
where only one female occupies a nest. Nest sharing results from females 
remaining in their natal nests and females moving to already occupied nests. 
Average relatedness among nestmates of c_. antipodes was calculated from 
allele frequencies of phosphoglucomutase to determine whether nests were 
usually shared by close relatives. Relatedness among nestmates was high (0.5 
to 0.6) at one aggregation in two consecutive years. Preferential association 
of relatives away from the natal nest can be inferred from these high values 
combined with the frequency of nest switching observed. Estimates of 
relatedness were lower (about 0.3) and associated with large standard errors 
at 3 other aggregations. Inbreeding and relatedness between neighbouring 
nests were only significant at the aggregation with the fewest females. This 
may be a result of the small effective population size. The levels of 
relatedness observed are consistent with kin selection through relatedness 
being an important factor in the evolution · of nest sharing. 
Introduction 
Relatedness is a central concept 1n sociobiological theory (Hamilton 1964; 
Wilson 1971;1975; Marki 1980; Michod 1982; Bennett 1987). The degree of 
relatedness between individuals is one determinant of how they will interact . 
Kin selection, especially through its dependence on relatedness, has been 
invoked to explain the evolution of many types of social behaviour (Wilson 
1975; Davis 1984; Brown 1983; Trivers 1985; Smuts et al. 1986). 
Eusociality has evolved more frequently in the Hymenoptera than all 
other groups of animals combined. Kin selection, acting through the high 
levels of relatedness between sisters in haplodiploid sp~cies, has been touted 
as the reason for the frequent evolution of eusociality in the Hymenoptera 
(Wilson 1971; Starr 1979; Trivers 1985; but see Andersson 1984). However, kin 
selection depends not only on relatedness but also on the ability of 
individuals to assist relatives to reproduce (Hamilton 1964; West Eberhard 
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197 5). The emphasis on relatedness to explain social evolution has prompted 
others to emphasize the other half of the kin selection equation, that is the 
benefits accruing to individuals living in a shared nest (Lin and Michener 
1972; West Eberhard 1975; Evans 1977; Andersson 1984). Relatedness can only 
be a significant factor in promoting nest sharing, a first step in the 
evolution of eusociality, when levels of relatedness are high enough to affect 
the cost to benefit ratio in the kin selection equation significantly. 
Relatedness among individuals sharing nests has been calculated for 
more than 25 eusocial species. Estimates of relatedness have varied from nil 
in some ants (Pamila 1982; Pamila and Rosengren 1984) to more than 0. 7 in 
some primitively eusocial bees and wasps and some ants (Crozier 1973; Metcalf 
and Whitt 1977; Crozier et al. 1987; Have et al. 1988). These estimates 
demonstrate that, even in eusocial species, relatedness among nestmates 
cannot be taken for granted. Of most relevance to the question of the 
evolution of social behaviour 1n the Hymenoptera is the degree of relatedness 
among nestmates in primitively social species. Schwarz (1986; 1987) has 
provided the only such estimates. For a primitively social bee, Exoneura 
bicolor, he calculated average relatedness among females in nests that were 
reused from one summer to the next and in nests that were cofounded by up 
to eight females. In both situations the average relatedness was close to 0.5, a 
value which suggests relatedness is involved in nest sharing. To evaluate the 
importance of relatedness in promoting nest sharing, estimates from several 
nest sharing species are needed. 
Cerceris antipodes Smith is a sphecid wasp that shares nests, does not 
have a reproductive division of labour, and is therefore primitively social 
(Alcock 1980; Evans and Hook 1986; Chapter 2). In most species of sphecid 
wasps, and in by far the majority of Cerceris species, only one female 
occupies a nest. In C.. antipodes, and several other species of Cerceris, nest 
sharing results from two processes ( Alcock 197 5; Kurczew ski and Miller 19 84; 
Elliott et al. 1986; Evans and Hook 1986; Hook 1987). Firstly, nests are occupied 
continuously for many months to a few years. This allows emerging adult 
females to share a nest with those females already present, presumably often 
close relatives (Alcock 1980; Evans and Hook 1986; Hook 1987; Chapter 2). 
Second, some females switch from one nest to another occupied nest. This 
presumably results in nests being occupied by unrelated females. The 
combination of these two processes, remaining in the natal nest and 
switching nests, and a lack of knowledge of the mating system in this species 
71 
Chapter 5--Relatedness 
(Evans and Hook 1986) precludes estimates of relatedness among females 
sharing nests based on behavioural observations . 
Here I present estimates of average relatedness among nestmates 1n c_. 
antipodes. Average relatedness between neighbouring nests and inbreeding 
were also calculated to see if population structure reduced effective 
relatedness of nestmates. Relatedness estimates were made using analyses 
that allow the use of electrophoretic data without major a priori assumptions 
about polygyny, polyandry or inbreeding (Pamila and Crozier 1982; Crozier et 
al., 1984; Pamila 1984; Bennett 1987). The major aim of this study is to 
determine if nestmates of C.. antipodes are related and if this level of 
relatedness will significantly affect the cost/benefit half of the kin selection 
equation. 
Materials and Methods 
Wasps: Adults of Cerceris antipode.s were collected at nesting aggregations 
near Warrah Trig (Warrah) in Brisbane Water National Park (33° 33' S, 151° 
17' E) and at Camp Pincham (Pincham) in Warrumbungle National Park (31 ° 
18' S, 149° 01' E), New South Wales, Australia, from January 1985 until 
February 1987. All of the aggregations were located in December 1984 or 
January 1985. The three aggregations at Warrah (referred to As Warrah 1, 2 
and 3) were within 1.5 km of each other along dirt tracks through heath 
woodland (Fig. 1; see Community 4P of Benson and Fallding 1981 ). Pincham 1s 
500 km northwest of Warrah in the drier inland of New South Wales. The 
aggregation at Pincham was located along dirt tracks through dry 
sclerophyll woodland. These wasps and those at Warrah 1 were the subjects 
of behavioural observations during the three summers. Despite the 
difference in vegetation and climate, the behaviour and natural history of .C.. 
antipodes was similar at the two locations (Chapter 2). 
In 1985 males and females were collected at Warrah and Pincham for 
electrophoretic screening for polymorphic enzyme loci. Further collections 
in 1986 and 1987 were made over one to three days by placing clear cups over 
the nests for the duration of the wasps' active period. All females from nests 
with one to eight females were collected at W arrah 1 and 2 in 1987 and 
Pincham 1n 1987. Only females from nests with two or more females were 
collected at W arrah 1 in 1986 and W arrah 3 in 1987. Wasps were kept cool 
until the evening, when they were killed in a freezer. The specimens were 
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kept in a freezer for one to 10 days until transport to Canberra, where they 
were kept at -70° C until electrophoresed. 
All nests were mapped at each aggregation. From these maps the 
nearest neighbour of each nest was determined. A Gabriel-connectedness 
matrix was then formed for each aggregation. Nests were considered 
connected if the circle drawn with the shortest line between the nests as a 
diameter encompassed no other nests (Gabriel and Sokal 1969; Sokal and Oden 
1978). 
Electrophoresis: The wasps collected in 1985 were electrophoresed on 
cellulose-acetate plates. These samples were run several times and stained 
for several enzyme systems (adenylate kinase, alcohol dehydrogenase, 
fumerate hydratase, glucose-6-phosphate dehydrogenase, glycerol-3-
phosphate dehydrogenase, hexokinase, hydroxybutyrate dehydrogenase , 
Iditol dehydrogenase, lactate dehydrogenase, malate dehydrogenase, malate 
dehydrogenase (N ADP+), mannose-6-phosphate isomerase, 
phosphoglucomutase, phosphogluconate dehydrogenase, phosphoglucose 
1somerase, shikimate dehydrogenase, superoxide dismutase ). The techniques 
of Easteal and Boussy (1987) were used as a guide for buffer and stain 
preparation. Only phosphoglucomutase (PGM) and adenylate kinase were 
variable and only PGM had allozymes at frequencies suitable for relatedness 
analysis. The head and thorax of wasps collected later than 1985 were ground 
in a grinding buffer (Water, EDTA, Mercaptoethanol and NADP), centrifuged, 
electrophoresed on cellulose-acetate plates in a CAEA buffer at pH 7 .2 and 
stained for PGM (Easteal and Boussy 1987). A positive and negative control 
(PGM and Hexokinase, Malate dehydrogenase or Glucose-6-phosphate 
dehydrogenase) were run on most plates. 
Three electromorphs (Fast-F, Medium-M and Slow-S) of PGM migrating 
anodally were distinguished. As expected in a haploid, all individual males 
had only one band and all three variants were found in the males. Females 
had either one or two bands. Single bands were interp.reted as homozygotes 
and double bands as heterozygotes. Two to five of the 10 individuals from 
each plate were run a second time with individuals of at least two other 
plates. Individuals from up to five different samples were run on the same 
plate. These comparisons showed that the same variants were present in the 
five samples. The frequencies of the three electromorphs were compared 
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among years at Warrah 1 and among aggregations in 1987 using a G test 
with Williams correction (Sokal and Rohlf 1981). 
Relatedness Analyses: Average relatedness among wasps sharing the same 
nest was calculated using the genotypic correlation coefficient of 
Pamila (1984, see equation 4) . Two point estimates of relatedness and 
their standard errors were ca l culated using a jack-knife procedure. Bl 
weighted nests equally, while B2 weighted individuals equally. 
Similarly, Fl and F2 are point estimates of inbreeding, weighting nests 
and individuals equally. Average relatedness between nests in close 
proximity was also calculated (see equation 10 in Pamila 1984) using two 
definitions of neighbouring. Estimates of relatedness between nests 
that were nearest neighbours and relatedness between nests that were 
connected in the Gabriel-connectedness matrix were made. The Gabriel-
relatedness (Table 2) is included to facilitate comparison with other 
studies. It should be borne i n mind that relatedness measures are 
sensitive to sample size, and will be less reliable when only a few 
nests are included. This is generally true for Gabriel-defined 
neighbourhoods. All calculat i ons of relatedness and inbreeding 
estimators were performed using a computer programme in GW-Basic written 
by R.H. Crozier (University of New South Wales) and modified for use on 
IBM compatible PC's by M.P. Schwarz (La Trobe University). 
All point estimates of relatedness and inbreeding were tested 
against the null hypothesis that they were equal to O. A one-tailed t-
Test was used because only results above O were expected. Comparisons 
between estimates were made with t-Tests, either one or two-tailed 
depending on the situation. For these tests the degrees of freedom 
were based on the number of nests sampled from the aggregation (Crozier 
et al. 1984). This method assumes no selection on the locus used. 
Frequencies of presumed genotypes did not differ from those expected 
under Hardy-Weinberg equilibrium at any of the five aggregations (All 
Chi-square tests, 2df, p>O.l ) . Ideally estimates of relatedness from 
electrophoretic data should be based on at least 10 colonies, with the 
most common allozyme at each locus at frequencies of less than 0.9, and 
be based on several loci or several aggregations (Pamilo and Crozier 
1982; Pamilo 1984; Wilkinson and McCracken 1985; Bennett 1987). Here 
the PGM allozyme frequencies were within the acceptable range and more 
than 10 nests were used. Samples from four aggregations and two samples 
from one of these aggregations were employed, compensating for using 
only one locus. 
Results 
Variation among aggregations: Frequencies of the three allozymes varied 
among the aggregations (Table 1). Warrah 3 was the only aggregation that 
lacked the slow electromorph. Frequencies of the allozymes were similar 
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among the three years at Warrah 1 (0-test, 0=3.76, 4 df, p>O. l). However there 
were differences among the three aggregations at Warrah in 1987 (0-18.49, 4 
df, p<O.O 1 ). In pairwise tests, each aggregation was different from the other 
two (1 and 2, 0=9.52, 2 df, p<0.01; 1 and 3, 0=11.79, 2 df, p<0.01; 2 and 3, 0==6.31, 
p<0.05). These three aggregations were within 2 km of each other, with 
W arrah 1 about midway between the other two. The other aggregation, 
Pincham, was located more than 500 km north-west. Despite the distance, the 
allozyme frequencies at Pincham were indistinguishable from those at 
Warrah 2 and 3 (0=0.07, 0=5.83, 2 df, p>0.05). Allozyme frequencies at Pincham 
were different from those at Warrah 1 (0=9.63, 2 df, p<0.01). These 
compansons were based on equal weighting of each female in the 
aggregation. It is appropriate to weight each female equally, since .c_. 
antipodes nests often contain several females capable of reproducing 
(Chapter· 3). Also, allozyme frequencies based on weighting each nest 
equally were similar and produced similar results. 
Relatedness .a.ru1. inbreedin~: The average relatedness among females sharing 
a nest was high at some aggregations and lower at other aggregations (Table 
2). Most estimates of inbreeding and relatedness between neighbouring 
nests were low and not significantly different from O (Table 2). Estimates 
based on both equal weighting of nests and equal weighting of individuals 
were similar (Table 2). In only one instance was the estimate based on one 
weighting statistically significant when the other was not (Warrah 1, 1986, 
F 1 and F2, Table 2). 
A high level of relatedness among nestmates, with estimates of more 
than 0.5, was evident in both the 1986 and 1987 samples at Warrah 1 (Table 2). 
Estimates of relatedness between neighbouring nests at Warrah 1 were not 
significantly greater than 0. One of the four inbreeding estimates was 
significantly greater than O (Table 2). These data indicate nest sharing by 
close relatives. 
At Warrah 3 the estimates of average relatedness among females 
sharing nests, of inbreeding and of the relatedness between nearest 
neighbour nests were significantly greater than O (Table 2). At Warrah 2 
and Fincham the average relatedness among females sharing nests was 
estimated to be about 0.30, although neither were significantly different 
from O (Table 2). The relatedness between neighbouring nests was estimated 
to be much lower, although not significantly different, partly because of the 
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large standard errors associated with the estimates. Inbreeding estimates 
were also low and not significantly diferent from O at W arrah 2 and Pincham. 
Discussion 
Female c_. antipodes that share a nest tend to be related. The average level of 
relatedness among nestmates varied among aggregations. The higher 
estimates of about 0.5 to 0.6 at Warrah 1, are consistent with a mother and her 
female offspring sharing a nest. Females of C.. antipodes are long lived and 
reside in a nest for several weeks, longer than the time it takes for an egg to 
mature into an adult (Chapter 2). The most likely scenario resulting in 
relatives sharing a nest is young females emerging and rema1n1ng 1n the 
nest with their mother and older siblings. About 15% of all females at 
Warrah 1 switch nests (Chapter 2). This 1s a high frequency considering the 
high levels of relatedness. It is possible that females switch preferentially to 
nests occupied by relatives. I have observed more than one female from one 
nest move to the same non-neighbouring nest twice. This suggests that kin 
selection promotes preferential association with relatives away from the 
\'. natal nest. Such preferential associations with kin have been demonstrated 
in other species of primitively social and primitively eusocial Hymenoptera 
(West Eberhard 1969; Strassmann 1979; Schwarz 1986, 1987). 
Estimates of average relatedness among nestmates, from Warrah 2 and 
Pincham, were lower than expected if mothers and their daughters share 
nests. These estimates had large standard errors and therefore were not 
significantly different from O or 0.75. Three processes reduce relatedness 
among nestmates: nest switching, more than one female laying eggs in a nest 
and multiple mating by females. At all aggregations 15-30% of females 
switched nests and most females 1n a nest were capable of laying eggs 
(Chapters 2,3). Relatedness estimates of around 0.3 are approximately those 
expected if nests are shared by equal numbers of cousins and sisters and 
about half the nests include an unrelated joiner. However, the large standard 
errors preclude distinguishing between this scenario and either nests shared 
by nonrelatives or nests shared by mothers and their daughters. 
The large standard errors in the relatedness estimates at two of the 
aggregations suggest that there was significant variation 1n average 
relatedness among nestmates among nests. Presumably at Warrah 2 and 
Pincham some nests were shared by unrelated females and other nests by 
closely related females. Nonrelatives sometimes do share nests as 
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demonstrated by the extreme case of a nest shared by two species of Cerceri s 
(McCorquodale and Thomson 1988). Whether the behaviour of .C.. antipodes 
varies with these variations in relatedness is of considerable interest. 
Eusocial ants, bees and wasps can recognize kin (Greenburg 1979; Post and 
Jeanne 1982; Carlin and Holldobler 1983; Getz and Smith 1983) and in many 
situations exhibit preferential behaviour towards kin (e. g. Gamboa et al. 
1985; Strassmann 1985). It is not clear if C.. antipodes can recognize kin and 
act preferentially towards them. More direct methods of determining 
relatedness between pairs of individuals are needed to answer this question. 
Y ariation 1n relatedness among aggregations 1s evident in estimates 
from a variety of other Hymenoptera and a subsocial beetle (Pamilo 1982; 
Pearson 1983; Pamilo and Rosengren 1984; Crozier et al. 1987; McCauley et 
al.1987) and is likely in C.. antipodes. Studies of C.. antipodes behaviour at 
Warrah 1, at another site at Warrah (Alcock 1980), at Pincham and in 
Queensland (Evans and Hook 1986) reveal differences in nest switching, 
levels of aggression and oocyte development (Chapters 2, 3, 6). McCauley et 
al. ( 19 87) point out that variation in relatedness can result 1n quite different 
rates of social evolution in different geographic areas. 
Most estimates of inbreeding were very low, with only two of the 
estimates significantly greater than 0. Only at Warrah 3 was inbreeding 
important. This was by far the smallest aggregation, increasing from about 
12 nests in January 1985 to about 25 nests by January 1987. The small 
population size may be the cause of the high level of inbreeding and the lack 
of the slow allozyme. This aggregation also produced the only evidence of 
relatedness between neighbouring nests. Relatedness between nests is 
unlikely to reduce effective relatedness (Crozier et al. 1984) among nestmates 
in a species such as .C.. antipodes. There is little interaction between 
neighbouring nests and there is no territory centred on the nest. Foraging 
takes place from several metres -to a few hundred metres from the nest, much 
greater distances than those between nests. Therefore females are as likely 
to interact with individuals from any nest as with females in a neighbouring 
nest. 
The levels of relatedness found are high enough to promote cooperative 
social behaviour through kin selection. The highest levels would 
dramatically increase the range of cost/benefit ratios that would promote 
cooperation. Even the lower estimates would increase the range of conditions 
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resulting in increased sociality compared to those imposed if unrelated 
females shared nests. The level of inbreeding noted in one aggregation could 
also promote social evolution under certain conditions (Michod 1982; 
Uyenoyama 1984 ). High levels of relatedness have also been found in a 
primitively social bee (Schwarz 1986; 1987), and are presumed, based on 
behavioural observations, to occur in a variety of nest sharing Hymenoptera 
(see Michener 1974; Evans and Hook 1986). 
Nest sharing appears to be at least correlated with relatedness. 
Preferential associations of relatives away from natal nests in some 
primitively eusocial Polistes spp. (West Eberhard 1969; Strassmann 1979), and 
the primitively social Exoneura bicolor (Schwarz 1986; 1987) and one 
aggregation of C.. antipodes suggest an important role for kin selection 1n 
promoting nest sharing. Two lines of evidence could refute relatedness as an 
important factor in the evolution of nest sharing. One is a species where 
nonrelatives consistently share nests. The other is a demonstration that the 
benefits of nest sharing are of more importance than the relatedness 
component in Hamilton's rule. 
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Table 1: Frequencies of the three allozymes of phosphoglucomutase at four aggregations of Cerceris antipodes . 
Aggregation Date Fast Medium Slow Females Nests 
Warrah 1 8 Jan to 15 Feb 85 0.36 0.62 0.02 21 12 
Warrah 1 20 Feb to 4 Mar 86 0.31 0.65 0.04 95 27 
Warrah 1 16-31 Jan 87 0.36 0.51 0.07 65 30 
Warrah 2 3-7 Feb 87 0.23 0.75 0.02 59 24 
Warrah 3 21 Jan 87 0.34 0.66 0.00 54 16 
Pincham 3-4 Jan 87 0.23 0.75 0.02 50 28 
Table 2: Estimates of average relatedness (Bl, B2) and inbreeding (Fl, F2) among females sharing a nest, average relatedness 
between nearest neighbour nests and average relatedness between nests connected in a Gabriel-connectedness graph at four 
aggregations of Cerceris antipodes. B 1 and Fl were calculated weighting each nest equally. B2 and F2 were calculated 
weighting each female equally. Standard errors are in parentheses below each estimate. The number of nests and femal es 
electrophoresed at each aggregation are in parentheses below each aggregation. All estimates have been tested against the 
null hypothesis that they are equal to zero, using a one-tailed t-test, * p<0.05, ** p<0.01. 
Within Nests Nearest Neighbour Gabriel 
Aggregation Date Bl B2 Fl F2 Bl B2 Bl B2 
Warrah 1 1986 0.52* * 0.51 * * 0.19 0.20* -0 .31 -0.31 -0 . 14 -0.11 
(27/95) (0.11) (0 . 11) (0.11) (0.10) (0.10) (0 . 12) (0.09) (0.09) 
Warrah 1 1987 0.64* * 0.62* * 0.18 0.13 0.18 0.13 -0.11 -0.08 
(20/55) (0.16) (0.14) (0.16) (0.15) (0.13) (0.11) (0.10) (0.09) 
Warrah 2 1987 0.28 0.29 0.19 0.20 0.04 0.04 0.05 0.05 
(20/55) (0.29) (0.30) (0.19) (0.19) (0.04) (0.04) (0.04) (0 .03) 
Warrah 3 1987 0.31 * 0.25* 0.25* 0.23* 0.24** 0.23 * * 0.05 0.06 
( 16/ 54) (0 . 13) (0.13) (0 . 12) (0.12) (0.06) (0 .06) (0 . 10) (0 . 10) 
Pincham 1987 0.30 0.34 0.22 0.13 -0.02 -0 .02 -0.03 -0 .05 
(15/37) I (0 .26) (0.23) (0.18) (0.19) (0 .09) (0 .09) (0 . 10) (0 . 12) 
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Fig. 1: Locations of the three aggregations of Cerceri s anti pod es nests near 









Nest defence in single and multi-female nests of 
Cerceris antipodes (Hymenoptera: Sphecidae) 
Submitted to Journal Q.f Insect Behavior 
Abstract 
Improved nest defence is assumed to be one of the maJor advantages for 
females sharing nests in primitively social Hymenoptera. Here I demonstrate 
that nest defence was improved in multi-female nests compared to one female 
nests in Cerceris antipodes. Improved defence was evident for each 
additional female up to five in a nest. Females living in larger nests benefit 
from the improved defence without having to provide it all themselves. 
Mutillids and ants were effectively repelled at nest entrances. In contrast, 
nonresident conspecific females entered larger nests as frequently as 
smaller nests. 
Introduction 
Nest sharing may have evolved in ground nesting bees and wasps 
because of the improved nest defence that results from having more than 
one female available to defend the nest (Lin 1964; Lin and Michener 1972; 
11 Michener 1974). Field studies have provided limited evidence showi_ng that 
I more females improve defence (Lin 1964; Michener 1974; Abrams and 
Eickwort 1981; Evans and Hook 1982), but quantitative studies showing 
differences between one and multi-female nests are few (see Litte 1977). 
Nests of most species of sphecid wasps are occupied by one female (Iwata 
1976; Evans and West Eberhard 1970). However the subterranean nests of the 
sphecid wasp, Cerceri s antipodes Smith, are occupied by one to eight females 
(Alcock 1980; Evans and Hook 1986; Chapter 2). Nests are subject to invasion 
by mutillids (Evans and Hook 1986), which must enter the nest to parasitize 
the pupae. Conspecific females, which usurp or join nests in several species 
of Cerceris (Tsuneki 1965; Alcock 1975; Elliott et al. 1986; Hook 1987), may also 
enter the nest and impose a cost on the residents. Both mutillids and 
conspecific females are deterred by either a closed nest entrance or a female 
guarding the entrance. If nest sharing in .c_. antipodes is promoted by 
improved defence, nests with more females should be more frequently 
defended than nests with fewer females. Here I demonstrate that the 
frequency of guarding against staged probes and mutiilids is higher when 
more than one female is resident in the nest. 
Methods 
Observations were made at two aggregations of C... antipodes nests in New 
South Wales, Australia, one at Warrah Trig (referred to as Warrah), in 
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Brisbane Water National Park, and the other at Camp Pincham (referred to as 
Pincham), in Warrumbungle National Park. At both sites nests were along 
hard packed sandy tracks. Despite the differences in location,_ Warrah being 
coastal and Pincham in the drier inland of New South Wales, the seasonal 
patterns and behaviour of C.. antipodes were similar at the two aggregations 
(Chapter 2). 
All nests 10 a selected group were marked and then the females 
individually marked, at each aggregation. Daily observations of these nests 
(1 to 9 hours on days of suitable weather) commenced when most females 
were marked. Each day all nests were probed a set number of times (1-12) 
with a straw. This simulates the presence at the entrance of a mutillid or a 
conspecific female by sending sand grains into the tunnel, to which the 
wasps often respond (Alcock 1980; McCorquodale and Thomson 1988). Each 
time a nest was probed it was noted whether the nest was a) open and 
unguarded (no response), b) open and guarded by a female (wasp responded) 
or c) closed with a sand plug (an inanimate barrier at the entrance). From 
the probes and observations the number and identity of residents were 
determined for each day of observation. 
I calculated the proportion of times females responded to probes, the 
proportion of times the entrance was closed and the proportion of times 
either of these conditions was met, as a measure of defence against intruders. 
The defence hypothesis predicts an increase in proportions as the number of 
females in a nest increases. Closed entrances are largely restricted to nests 
with few residents. For closed entrances, the null hypothesis was that the 
frequency of -closed entrances did not decrease as the number of residents 
increased. Samples from several periods throughout the active season at both 
locations were analysed. A minimum of 30 probes was set for each nest size 
during a sampling period (Table 1). If the minimum was not met, data for 
that nest size . and all nests with more females were grouped. A one-tailed 
sign test, based on whether defence increased or decreased between nests of 
n and n+ 1 females, was used to compare nests of various sizes. The null 
hypotheses assumed that an increase or a decrease was equally probable. 
During observations of the nests I recorded the presence of mutillids at 
closed and open nest entrances, the responses of female wasps and whether a 
mutillid entered for 1 minute or longer. One minute was considered a 
minimum time for a mutillid to descend to the level of the provisioned cells 
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and lay her egg. Observations from all sampling periods of mutillids at nest 
entrances were grouped within Pincham and within W arrah because of the 
consistency of responses to the staged probes among sampling periods (see 
Tables 1-4). Similarly, observations from all sampling periods of conspecifics 
at nest entrances were also grouped within Warrah and within Pincham. I 
recorded the presence of nonresident conspecific females at nest entrances, 
the response of residents to these females, the number of times a nonresident 
fem ale entered a nest for more than 30 seconds and the number of times 
residents were temporarily kept out or evicted by another resident. Females 
rarely alighted at closed nest entrances and therefore these observations 
were not included in the analysis. A minimum sample size of 20 was set for 
each nest size. When the minimum was not met at a certain nest size, data 
from that nest size and all nests with · more females were grouped. G-tests 
with Williams correction (Sokal and Rohlf 1981) were used to compare 
frequencies among different nest sizes for all observations of mutillids and 
conspecific females at nest entrances. 
Ants were frequently around the wasp nests but were never observed 
entering the nests to steal brood or provisions. The presence of ants 
(Iridomyrmex sp. and Camponotus sp.) at nest entrances and the responses of 
the wasps to them were recorded at Warrah in January and February 1986 as 
another measure of frequency of response to intruders at nests with various 
numbers of females. 
Table 1 summarizes the observational effort and the number of nests 
studied during each sampling period at the two aggregations. The number of 
nest days varies slightly among analyses because of varying requirements 
for information for analyses of probes versus frequency of females joining. 
Results 
Guarding in response to probes increased as the number of females 
residing in the nest increased (Sign test, Pincham and Warrah p<0.005; Table 
2). Conversely, the nest entrance was closed more often when fewer females 
occupied the nest (Sign test, Pincham and Warrah p<0.05; Table 3). Defence, 
measured as a female guarding or a closed entrance, increased with the 
number of females residing in a nest at Pincham (Sign test, p<0.001) and 
tended to increase at Warrah (Sign test, p=0.32; Table 4). These trends were 
evident between all pairings of nest sizes, suggesting that every extra female 
improved defence. The trends of increased guarding and decreased nest 
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closures were evident throughout the active season of C... antipodes (Tables 2-
4 ). The largest increase in defence was between nests with one and two 
females (Table 2, Fig. 1 ). The mean proponion of responses per female to 
probes decreased as nest size increased (Fig. 1, G test, p<0.05). 
Ants at nest entrances provoked responses similar to the probes. 
Guarding against ants increased in frequency as nest size increased (G test, 
Warrah 1986 p<0.05). The increase in frequency was evident with each 
increase in nest size and again the proportional increase decreased as nest 
size increased. 
Mutillids and nonresident conspecifics were present throughout both 
the active season and the daily activity period of C.. antipodes at both 
locations. Therefore attempts to enter a nest could take place at any time. A 
closed entrance or a female guarding at the entrance were two effective 
means of defence against mutillids and conspecific females. No instances of 
mutillids or nonresidents entering a nest through a closed entrance or past a 
guarding female were observed. 
Defence against mutillids improved when nests were occupied by 
several females instead of one or two (Table 5). A female responded to a 
mutillid at the nest entrance more frequently (G test, Pincham p<0.05, Warrah 
O. lO>p>0.05) and mutillids entered the nest for more than one minute less 
frequently (G test, Pincham O. lO>p>0.05, Warrah p<0.05) as nest size increased. 
No mutillids entered nests occupied by more than one female at Pincham. 
Nests with three or more females were rarely entered by a mutillid at 
Warrah. 
Defence against conspecifics was not improved by the presence of more 
females in the nest (Table 5). Nests with more females were not more 
frequently defended against nonresidents (G tests, Pincham and Warrah 
p>0.10) nor were they less susceptible to being joined by a nonresident 
female (G tests, Pincham and Warrah p>0.10). There was a significant 
difference in the frequency of entering a nest by nonresidents among nests 
of different sizes at Pincham (G test, p<0.05), but this trend was opposite to the 
prediction that larger nests should be less frequently entered. Residents 
were temporarily kept out of their nest or evicted by nestmates more 
frequently in larger nests at Warrah (G test, p<0.01; Table 6) and a similar 




Nests with several females were guarded more frequently than nests 
with fewer females, as predicted by the defence hypothesis. This trend was 
consistently illustrated by data from three sources, probes, ants and mutillids. 
The improved defence was not limited to the change from one female to two 
in a nest. The improvement was evident for every increase in the number of 
residents up to five, however the magnitude of improvement decreased as 
nest size increased. 
This improved defence represents a significant advantage to females 
living in shared nests. The advantage is twofold. Firstly, a female's 
developing offspring in the nest are subject to fewer attacks by nest 
parasites such as mutillids. Second, the female herself, on average, has to 
spend less time in the nest as a defender. Each female with offspring in the 
nest benefits, but each female does not have to do all of the defence herself. 
Single female nests were more frequently defended through a closed 
nest entrance than multi-female nests and therefore guarding cannot be 
strictly equated with defence. When a solitary female returns to her nest she 
usually closes the entrance from inside within a few minutes. Closures are 
much less frequently made in multi-female nests and they persist for less 
time. Despite the difference in method of defence, closure versus active 
guarding, larger nests were more frequently defended, again consistent with 
the predictions of the defence hypothesis. At Fincham the difference was 
dramatic. 
Guarding and a closed entrance were effective at keeping nonresident 
conspecifics out of a nest. However, increasing the number of residents in a 
nest had little effect on the frequency of guarding against nonresidents , the 
frequency of entering by nonresidents or the frequency of a nonresident 
joining a nest. The only obvious trend was for nonresidents to enter nests 
with more females more frequently, which is inconsistent with the 
predictions of the defence hypothesis. These observations suggest that 
nonresident females may not be perceived as enemies by the residents. These 
nonresident females may be relatives of the residents attempting to join the 
nest. Females switched nests at both study sites ( Chapter 2) and nests were 
shared by closely related females at Warrah (Chapter 5). Therefore females 
may switch preferentially to nests shared by relatives. Al ternati vel y 
nonresidents may be accepted into nests because of the advantages of having 
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more females for defence against other enemies. A third possibility is that in 
large nests not all nestmates are recognized and therefore nonresidents are 
not recognized as nonresidents and are permitted to enter the nest. 
Guarding against nestmates occurred more frequently in larger nests . 
This presumably results in a cost to the residents in larger nests. At the 
minimum it would be time lost in having to try again to enter the nest. 
Further costs may be incurred if the delay results 1n a miltogrammine nest 
parasite larvipositing on the prey (Evans and Hook 1986), loss of 
provisioning time or at worst the effort of finding a new nest to occupy. 
In summary, nest sharing by several females results in improved nest 
defence against mutillids. This improved defence is significant because each 
female benefits from it without having to provide all of the effort for it 
herself. Therefore improved nest defence could have played a role in 
promoting nest sharing in c_. antipodes. Many considerations of the 
evolution of sociality in Hymenoptera have ignored the importance of the 
advantages of improved nest defence in multi-female nests ( e.g. Wilson 1971; 
Trivers 1985). This study provides quantitative evidence for an important 
factor in social evolution (Lin 1964; Lin and Michener 1972; West Eberhard 
1975; Evans 1977), that is often assumed with little support (e.g. Alcock 1980; 
Schwarz 1987). 
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Table 1: Summary of the number of nest-days, observation-hours, probes 
and number of nests of Cerceris antipodes used in the analyses for each 
sampling period at W arrah and Pinch am. 
Pincham 








































































Number of females 1n nest 


























































































Number of females 
1 2 3 4 5+ 
Warrah 
15-31 Jan 1985 
nest-days 18 32 31 19 37 
obs . -hours 13 49 81 51 119 
probes 91 138 138 103 19 1 
nests 3 8 7 6 5 
1-15 Feb 1985 
nest-days 22 43 52 25 16 
obs.-hours 39 59 75 64 33 
probes 86 155 205 85 7 8 
nests 5 8 8 6 4 
3-25 Jan 1986 
nest-days 69 51 66 49 4 1 
obs . -hours 73 76 147 103 11 9 
probes 172 127 181 131 109 
nests 8 1 1 10 11 8 
9-28 Feb 1986 
nest-days 107 106 28 19 6 
obs.-hours 198 158 66 53 24 
probes 313 306 84 35 24 
nests 17 14 9 6 3 
6-14 Dec 1986 
nest-days 42 21 1 1 
obs.-hours 54 14 0 0 
probes 75 32 1 1 
nests 16 16 1 1 
14-31 Jan 1987 
nest-days 251 78 52 16 1 
obs . -hours 246 71 99 22 3 
probes 462 150 93 28 2 
nests 25 18 12 4 1 
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Table 2: The proportion of times a female Cerceris antipodes responded to a 
probe at nests with various numbers of residents. A sign test, based on 
increases between nests with n and n+ 1 females, rejected the null hypothesis 
that responses did not increase as nest size increased (Pinch am and W arrah, 
p<0.005). 
Females 1n nest 
Date 1 2 3 4 5 increases decreases 
Pincham 
29 Oct to 0.31 0.57 1 0 
15 Nov 1985 
16-30 Nov 1985 0.44 0.65 1 0 
9-17 Nov 1986 0.47 
1-17 Dec 1985 0.32 0.62 1 0 
21-31 Dec 1986 0.45 0.76 0.80 2 0 
1-12 Jan 1985 0.20 0.47 0.59 0.63 3 0 
15-30 Mar 1986 0.27 0.56 0.62 2 0 
13-18 Apr 1986 0.36 0.43 1 0 
Warrah 
6-14 Dec 1986 0.44 0.84 r 0 
15-31 Jan 1985 0.35 0.69 0.75 0.76 0.78 4 0 
3-25 Jan 1986 0.31 0.40 0.53 0.56 0.59 4 0 
14-31 Jan 1987 0.39 ·0.62 0.57 0.72 2 1 
1-15 Feb 1985 0.47 0.58 0.59 0. 71 0.87 4 0 






Table 3: The proportion of times a nest entrance was closed at nests of 
Cerceris antipodes with various numbers of residents. A sign test, based on 
the number of decreases between nests with n and n+ 1 females, rejected the 
null hypothesis that the proportion of closed entrances did not decrease with 
increasing nest size (Fincham and Warrah, p<0.05). 
Females in nest 
Date 1 2 3 4 5 increases decreases 
Pincham 
29 Oct to 0.45 0.17 0 1 
15 Nov 1985 
16-30 Nov 1985 0.44 0.15 0 1 
9-17 Nov 1986 0.58 
1-17 Dec 1985 0.40 0.08 0 1 
21-31 Dec 1986 0.53 0.14 0.08 0 2 
1-12 Jan 1985 0.20 0.06 0.09 0.06 1 2 
15-30 Mar 1986 0.16 0.01 0.00 0 2 
13-18 Apr 1986 0.18 0.08 0 1 
Warrah 
6-14 Dec 1986 0.52 0.26 0 1 
15-31 Jan 1985 0.41 0.16 0.02 0.03 0.06 2 2 
3-25 Jan 1986 0.58 0.31 0.19 0.08 0.10 1 3 
14-31 Jan 1987 0.34 0.22 0.11 0.03 0 3 
1-15 Feb 1985 0.63 0.24 0.20 0.08 0.09 1 3 






Table 4: The proportion of times a nest entrance was closed or defended at 
nests of Cerceris antipodes with various numbers of residents. A sign test, 
based on the number of increases between nests with n and n+ 1 females , 
rejected the null hypothesis that frequency of defence did not increase as 
nest size increased at Fincham (p<0.001), but not at Warrah (p=0.32) . 
Females In nest 
Date 1 2 3 4 5 increases decreases 
Pincham 
29 Oct to 0.62 0.64 1 0 
15 Nov 1985 
16-30 Nov 1985 0.68 0. 71 1 0 
9-17 Nov 1986 0.58 
1-17 Dec 1985 0.59 0.74 1 0 
21-31 Dec 1986 0.74 0.79 0.81 2 0 
1-12 Jan 1985 0.36 0.51 0.63 0.66 3 0 
15-30 Mar 1986 0.39 0.57 0.62 2 0 
13-18 Apr 1986 0.47 0.47 
Warr ah 
6-14 Dec 1986 0.73 0.88 1 0 
15-31 Jan 1985 0.62 0.74 0.75 0.77 0.76 3 1 
3-25 Jan 1986 0.71 0.58 0.62 0.60 0.63 2 2 
14-31 Jan 1987 0.60 0.71 0.61 0.73 2 1 
1-15 Feb 1985 0.80 0.68 0.66 0.73 0.88 2 2 






Table S: The proportion of times a nest entrance was closed when a mutillid 
was present, a female Cerceris antipodes defended against a mutillid at the 
nest entrance and a mutillid entered a nest, at nests with various numbers of 
residents. At Pincham two female nests include all nests with more than two 
females and at Warrah three female nests include all nests with more than 
three females. 
1 2+ p 
Pincham 
closed 0.22 0.00 
defend 0.53 0.69 * 
enter 0.08 0.00 + 
n 111 32 
Warrah 1 2 3+ p 
closed 0.40 0.15 0.00 
defend 0.52 0.46 0.67 + 
enter 0.04 0.12 0.01 * 
n 45 41 86 
G tests, + O. l>p>0.05, * p<0.05. 
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Table 6: The proportion of times a female Cerceris antipodes defended against a nonresident conspecific at the nest 
entrance, a nonresident conspecific entered a nest, the frequency of nonresident females joining a nest and the 
frequency of defence against nest residents at nests with various numbers of residents. At Pincham three female nests 
include all nests with more than three females and at Warrah five female nests include all nests with more than five 
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G tests, n.s. p>0.05, * p<0.05, ** p<O.O 1. 















































Fig. 1: The proportion of times a female of Cerceris antipodes guarded in 
response to a probe. The line shows responses by the whole nest, the 
columns the mean responses per resident female. All samples from Warrah 
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and nest sharing in the 
(Hymenoptera: Sphecidae) 
wasp, 
ABSTRACT: 1. The relationship between soil softness and nest initiation 
was studied at two aggregations of a ground nesting sphecid wasp, 
Cerceris antipodes Smith, in New South Wales, Australia. 
2. Nests of ~- antipodes were initiated throughout the active season. 
Nests were started more frequently during moist conditions and when 
more wasps were active. 
3. Nest initiation was clumped on days after periods of rain. Nest 
initiation was only observed when the soil was soft. 
4. Two experimental plots that were watered had significantly softer 
soil and more nests initiated on them than two control plots. Searching 
female wasps spent considerably more time on the watered plots than 
the controls. 
5. Nest initiation through hard surface soils presents a problem to C.. 
antipodes. Soil softness must be considered in any analysis of nest 
sharing in this species. 
Key words. Sphecidae, Cerceris antipodes, nest sharing, nest initiation, 
soil conditions. 
This chapter is to be submitted to Ecolo~ical Entomolo~y . 
Introduction 
The subterranean nests of the vast majority of digger wasps in the 
family Sphecidae are occupied by one female. In contrast, the nests of 
Cerceris antipodes Smith and about twenty other species of Cerceris are 
regularly shared by two to eight females (Alcock 1980; Evans and Hook 1986; 
Hook 1987; Chapter 2). Explanations for nest sharing in this genus have 
ranged from the advantages of sharing with kin, mutual advantages in 
defence, thermal differences between large and small females and the 
decreased costs of nest construction associated with multi-female nests 
(Alcock 1980; Willmer 1985a; Evans and Hook 1986; Hook 1987; Chapters 5, 6). 
Alcock (1980, p. 226) suggested that "the most significant benefit comes from 
the time and energy savings associated with living in an already constructed 
burrow". He was led to this conclusion by his observations of the very hard 
packed soil used for nesting by the nest sharing specie~, C.. antipodes in 
Australia and C.. rufimana Taschenberg in South America, and by Grandi's 
comments on the difficulty he experienced in excavating the shared nests of 
.C.. rubida (Jurine) in Europe (in Alcock 1980). However no data have been 
presented on the relationship between soil conditions and nest initiation 1n 
any species of Cerceri s. Here I consider the relationship between soil 
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softness and nest initiation 1n c_. antipodes and discuss the implications for 
nest sharing. 
Most species of Cerceris, whether nests are occupied by one or several 
females, nest in firm to hard packed soil (Bohart and Menke 1976). The hard 
surface crust of many of these soils may present a problem in digging a nest. 
Cerceris are relatively weak diggers compared to other sphecids such as 
Philanthus, Bembix and Sphex. Cerceris use their mandibles and forelegs to 
break up soil which they then push out of the tunnel with a well developed 
pygidial plate (Olberg 1959; Evans 1971). Several species of Cerceris avoid 
digging through the hard surface crust by such means as usurping the nest 
of another female, moving in with another female(s), remaining in the natal 
nest and using a pre-existing hole in the hard surface crust, suggesting 
significant costs for nest initiation to Cerceris females (Tsuneki 1965; Evans 
and Hook 1986; Elliott et al. 1986; Elliott and Elliott 1987; Hook 1987; 
McCorquodale _ unpubl.). Costs to the wasps could be in the form of increased 
time to dig the nest or more wear to body parts such as mandibles, wings and 
cuticle (Alcock 1980; Evans and Hook 1986). 
If hard soils impose costs, more new nests should be initiated when soils 
are soft than when the soils are hard. The hard packed sandy soils in which 
C.. antipodes nest soften dramatically after rains and then gradually dry to the 
consistency of cement (Alcock 1980; Evans and Hook 1986), providing an 
opportunity to study nest initiation under varying soil conditions. Here I 
document the timing of nest initiation, correlate soil softness and nest 
initiation, present experimental data showing that nests are started only 
when soil 1s soft and suggest that soil conditions promote nest sharing in C.. 
antipodes. 
Methods 
Two aggregations of C,. antipodes in New South Wales, Australia, one on 
sandy tracks near Warrah Trig (33° 33' S, 151° 17' E) in Brisbane Water 
National Park and the other along sandy tracks at Camp Pinch am (31 ° 18' S, 
149° 01' E) in Warrumbungle National Park were studied between January 
1985 and January 1987. Despite the differences in location, Warrah on the 
coast and Pincham in the drier inland, the seasonal cycle and behaviour of c_. 
antipodes at the two sites were very similar (Chapter 2). 
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Nests at both sites were individually numbered with a nail beside the 
entrance and mapped when first located. Surveys of the active nests at 
Pincham were conducted periodically between March 1985 and December 
1986. These surveys noted all active nests on one day and the number of 
nests started since the last survey. Continuous observations of nests for 
four to nine weeks at Warrah in January and February 1985 and 1986, and 
in January 1987, and at Pincham in December 1985 and March 1986 
allowed me to ascertain date of initiation of many nests. Soil softness was 
measured every three to five days during the periods, 8-25 January 1986, 
13 February to 1 March 1986 and 15-27 January 1987 at Warrah and 10-17 
December 1985 and 13-24 March 1986 at Pincham. These measures were 
compared with the number of new nests initiated. During these periods 
qualitative records of rainfall were kept. 
Soil softness was measured with a penetrometer. The penetrometer 
was a 22cm diameter circular piece of plywood with three nails protruding 
5cm from the bottom. The nails were arranged 6.5cm apart 1n an 
equilateral triangle. A central tube based on top of the plywood contained 
a stationary dowel which rested on the soil surface. A 1kg weight, guided 
by the tube, was dropped from 50cm above the board, driving the nails into 
the soil. Soil softness was measured as the number of millimetres the nails 
penetrated into the ground as indicated on the stationary dowel. Measures 
presented here are based on the mean of six or nine individual measures. 
Readings were taken in the morning between 8:30 and 11 :00. 
An experiment comparing soil softness and number of nests initiated 
on two watered plots and two control plots was conducted at Pincham. The 
four 1.5x 1.5m plots with three to eight nests were randomly assigned to be 
watered or not. Five to seven litres of water were gently showered onto 
each watered plot on the evenings of 23, 24, 26, 27, 29 and 30 December 1986 
after wasp activity had ceased. Three penetrometer readings were made in 
each plot on six days from 21-31 December. Prior to the experiment there 
had been no rain for several days and no rain fell until 1 January 1987. 
Daily observations of the wasps and nests on the plots provided 
opportunities to find any newly initiated nests and observe the reactions 
of female .C.. antipodes to the watered areas. 
104 
Chapter 7--Soil softness 
Results 
Nests were started throughout the active season, October to April, of ~-
antipodes at Pincham (Fig. 1). Most nests were started after a period of 
rainy weather and when many other nests were present. Many nests were 
started as the first young females of the season emerged in November and 
December 1985. This was also a period of considerably more rain than 
average at Pincham. Many nests were also initiated in April 1985 after a 
period of rain in early April. These nests were started after provisioning 
and laying eggs had concluded for that summer (Chapter 2) . Females that 
started these nests would overwinter and begin nesting in October. These 
two periods of frequent nest initiation, in autumn 1985 and spring 1985, 
coincided with rainy periods and the presence of many active nests of ,C.. 
antipodes. Fewer nests were started at other times, although some nest 
initiation took place at all times of the year. March and April 1986 and 
November and December 1986 were much drier than the corresponding 
months of the previous year and fewer nests were initiated. The low 
number of nests initiated in October 1985 and April 1986 reflect low levels 
of wasp activity associated with the beginning and end of the active season 
of .C.. antipodes at Pincham. Most of the newly initiated nests were occupied 
by one female. I found two resident females in nests established for fewer 
than a week on three occasions during the two years of observations. 
Nest initiation was clumped on several days at Warrah (Table 1). All 
days when more than one nest was started were during or immediately 
after a rainy period. Twenty five nests were started on six days. Only five 
other nests were started on the other 80 days of observations during the 
three summers. Comparing the distribution of days on which 0, 1, and 2 or 
more nests were started with a Poisson distribution, which assumes evenly 
dispersed events given the observed rate, revealed a significant difference 
and a coefficient of dispersion _ of 2. 74 (Table 1). This coefficient reflects 
the clumped nature of nest initiation. 
Nests were only started when the soil softness was 18mm or greater at 
Warrah (Fig. 2). The one nest started when the soil penetrance was less 
than 18mm was 1n an abandoned bee burrow. Therefore this female did 
not have to dig through the hard surface crust that the penetrometer was 
measuring. No nests were started when penetrometer readings were taken 
at Pincham from 10-17 December 1985 and 13-24 March 1986. In all 
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instances the mean reading was less than 18 and there had been no rain 
for several days. The soil softness measurements highlight the importance 
of rain in softening the soil. It rained during the previous three days for 
all readings greater than 18 (Fig. 2). Readings taken after rain were 
always higher than those taken during dry spells. 
The soil penetrance on the two watered plots was the same as the two 
control plots before watering (Fig. 3 ). Soil on the watered plots became 
much softer than the soil on the control plots as more water was added in 
December 1986 at Pincham (Fig. 3, ANCOVA, F3,10=18.28, p<0.01). Nests were 
initiated only on the watered plots when the soil was soft. Seventeen nests 
were started on the watered plots while none were initiated on the control 
plots. This is a considerable number, considering that in 12 days of 
observation of the larger aggregation, about five times the size of the 
watered plots, only four nests were started. These four nests were started 
after a day of heavy rain at the conclusion of the experiment. 
Throughout the active season of !:,.. antipodes females were seen flying 
low over the nesting areas inspecting and entering holes. These fem ales 
have been called searchers in other species of Cerceris (Elliott et al. 1986). 
Besides attempting to join pre-existing nests these females will also dig a 
new nest if the conditions are suitable. During the watering experiment 
five out of six searching females spent more than 75% of their time on the 
watered areas (Table 2). The only female of the six observed that did not 
spend her time in the watered areas spent her time entering pre-existing 
holes, an alternative method of obtaining a nest that also avoids digging 
through the hard surface crust. 
Discussion 
New nests of !:,.. antipodes were started only when the surface soil was 
softened by water. When the surface soil hardened during a few days of 
drying after rains very few nests were started and those fem ales that 
started nests avoided having to dig through the hard soil by using pre-
existing holes. Soil penetrance increased dramatically after rains. Water 
was the only agent that significantly increased soil softness. Therefore 
nest initiation consistently occurred after periods of rain. Observations of 
the correlation between rain, soil softness and nest initiation were 
confirmed by experimentally softening soil and observing a similar 
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dig and if some wasps are active new nests will be started. Conversely, dry 
hard soil prevents nest initiation. Searching females concentrated their 
search in areas where they could dig a nest. 
Nests are difficult to start through hard surface soils and therefore 
dry spells which result In hard surf ace soils should result in an increase 
in nest sharing. January and early February 1985, and January 1987 were 
two very dry periods. For example, at W arrah about 10mm of rain fell from 
10-31 January 1987 compared to the average during that period of about 
70mm. In January and February 1986, by contrast, the rainfall was about 
average. As expected, the average number of females per nest was higher 
in 1985 (Jan. 3.4, Feb. 2.9) than in 1986 (Jan. 3.0, Feb. 1.9). However the 
number of females per nest was dramatically lower in January 1987 (1.8), 
another dry period. This highlights another effect of rainy weather on ~-
antipodes. Rainy, cool weather prevents provisioning and therefore the 
production of young (Willmer 1985b ). Consistent wet weather in February 
1986 may have lowered the population of overwintering females and then 
more cool, wet weather in November and December 1986 may have resulted 
In many fewer young being produced by these overwintering females. 
The ref ore there were not as many fem ales to share nests during the hot 
dry conditions in January 1987. The prevalence of nest sharing is a 
function partly of the possibility of starting a new nest, and partly of 
number of females and nests present. The weather influences both. 
Willmer (1985a) presented an alternative hypothesis to explain the 
origin of communal nesting in Ce re eris that also predicts increased nest 
sharing in hot conditions. Her thermal hypothesis notes that small 
females can provision more under hot conditions than large females and 
that ·the opposite occurs when conditions are cool. Willmer (1985a, p. 151) 
suggests that under "very hot conditions, when a large female benefits by 
the foraging of a small one while it is nest-bound, a small female benefits 
by getting a chance to lay in better-stocked cells". Large wasps permit 
small females to join them when it is hot and there are advantages for the 
large female. Under cooler conditions large females have less to gain and 
therefore do not allow small females to join. Therefore hot conditions lead 
to an increase in nest sharing. 
Here I have presented data which show that nest initiation is impeded 
under these conditions. Alcock (1975) also induced nest initiation in 
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another species of Cerceris by providing moist, soft soil. Michener and 
Rettenmeyer (1956) suggest an increase in a communal nesting bee , 
Andrena erythronii Robertson during dry periods when nests are difficult 
to dig. Willmer's thermal hypothesis depends upon both females in a nest 
ga1n1ng from increased provisioning. Data presented 1n Willmer ( 1985 a) 
contradict this, showing a decrease in the number of prey brought to 
shared nests compared to the number each individual would have been 
expected to collect if nesting on her own. Willmer (1985a) also considers 
the difficulty of starting a nest could lead to an increase in nest sharing 
under hot conditions. Therefore, hard surface soils preventing nest 
initiation must be considered the promoter of nest sharing under hot dry 
conditions, until further data are collected to distinguish between these 
two alternatives. 
Under prolonged hot dry conditions the difficulty in excavating new 
nests that results from the hard surface soil will lead to an· increase in nest 
sharing in .c_. antipodes. Long dry periods are a feature of the Australian 
environment even in relatively moist areas such as the east coast. Nest 
sharing, caused by dry weather, may fortuitously provide benefits to 
females through improved nest defence (Chapter 6) and the opportunity to 
aid close relatives (Chapters 2, 5). Despite these apparent advantages 
accrue1ng to females sharing nests, many females leave shared nests. This 
suggests that there are also costs to sharing nests. Two possibilities are 
increased antagonistic interactions among females 1n larger nests 
(Chapter 6) and lower rates of provisioning in shared nests (Willmer 
1985a; Chapter 4). 
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Table 1: The number of days on which various numbers of nests of Cerceris 
antipodes were initiated at Warrah. Data from January and February 1985 to 
1987 have been combined. A chi-square test rejected the Poisson distribution 
(Chi square-15.09, ldf, p<O.O 1). 
Number of Nests Number of days 
Initiated 1n a Day Observed Expected Poisson 
0 75 66.6 
1 5 17.0 
2+ 6 2.4 
Table 2: The number of seconds that a searching female of Cerceris 
antipodes spent searching on the watered plot during a 120 second focal 
animal sample. The sample started 10 seconds after first sighting the female . 
The six females were all different individuals observed on 29 and 30 
December 1987. 
Female 
1 2 3 4 5 6 Mean S.D. 
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Fig. 1: The number of nests of Cerceris antigodes initiated per day since 
the last survey and the number of active nests on the day of the survey at 

























































































































































Chapter 7--Soil softness 
Fig. 2: The number of nests of Cerceris antipodes initiated and the soil 
softness at Warrah during two summers. The soil measures are means of 6 
or 9 readings taken every 3 to 5 days and each nest initiated is associated 
with the closest soil sampling date. 
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Chapter 7--Soil softness 
Fig. 3: Soil softness on the control and watered plots and the number of 
nests of Cerceris antipodes initiated on the watered plots at Pincham, 21-31 

























































































































Nest sharing in the sphecid wasp, Cerceris antipodes Smith: 
Conclusion 
Nests of c_. antipodes were shared by two to eight females for most of the 
austral summer. However, early in the nesting season most nests were 
occupied by only one female (Chapter 2). Many nests were used for several 
months and a few for more than one summer. Females were long lived and as 
a result some nests were shared by two generations of females. In some 
instances they may have been mothers and daughters. In many cases they 
would not have been mothers and daughters because of the prevalence of 
nest switching (Chapters 2, 5). 
The seasonal cycle of c_. antipodes, with a nest occupied by a large 
overwintering female early in the nesting season and then later by females 
of two generations, is similar to that of many primitively eusocial bees and 
wasps (e. g. Lasjo~lossum spp., Polistes spp., Wilson 1971; Michener 1974). 
However in c_. antipodes the integrated social behaviour .within a group found 
in eusocial species, was lacking. Females usually tolerated nestmates 
entering the nest and excluded nonresidents (Chapter 6). No evidence of a 
division of labour, based on reproduction, guarding or provisioning, was 
found (Chapters 3,4). Most females were capable of reproduction. However, 
many were resorbing one or more of their oocytes (Chapter 3). This 
resorption resulted in some females being incapable of laying an egg at some 
times. Reduced oocyte development was not correlated with having 
nestmates, since it was also found in single female nests. 
Provisioning frequencies appeared to be low compared to those expected 
1n solitary species (Linsley and MacSwain 1956; Alcock 1980; Willmer 1985a, b; 
Chapter 4). This may result from females exploiting a new resource, the prey 
of other females that is cached in the nest. One strategy to exploit this 
resource may be for some females to wait in the nest and attempt to use this 
prey instead of foraging. This would reduce the risks associated with 
foraging and potentially prolong their life span. The limited evidence 
available suggests that females of nest sharing species provision less, resorb 
more oocytes and live longer than females of solitary species (Alcock 1980; 
Evans and Hook 1982, 1986; Willmer 1985a). Unfortunately, oocyte 
development, female longevity and provisioning rates have rarely been 
studied in solitary species. 
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Nests of ~- antipodes were shared by several females acting more or less 
independently. Other species of sphecids which share nests appear to be 
similar, with several females sharing but acting independently (e.g. Evans 
1964; Iwata 1976; Miller and Kurczewski 1973; Eberhard 1974; McCorquodale 
and Naumann 1988). The available evidence does not indicate primitively 
eusocial behaviour in any species of Sphecidae. Microsti ~mus comes has 
often been cited as an example of eusociality in the Sphecidae, however the 
evidence for a division of labour, cooperation, and overlap of generations -
the three characteristics of eusociality - is inconclusive (Matthews 1968a,b; 
West Eberhard 1978). 
Now I tum to the question of how the change from a solitary to a 
predominantly nest sharing species occurred. Nest sharing may result from 
females remaining in their natal nest or from females joining an already 
occupied nest. Both situations occur in ~- antipodes (Chapter 2). I have 
considered improved defence, sharing with relatives and soil conditions as 
potential factors leading to nest sharing and have concluded that hard soil 
that makes nest excavation difficult was the most important factor in the 
evolution of nest sharing. 
Soil hardness prohibited nest initiation for much of the summer at both 
Warrah and Pincham (Chapter 7). As the soil becomes harder during dry 
spells, nests become more difficult or impossible to dig and presumably the 
energetic, time, and wear costs increased. Under conditions that make 
excavation of new nests difficult, pressure for access to existing nests will 
increase as new females enter the population. At some point it will not be 
worthwhile for a female to defend her nest against searching conspecifics or 
to exclude her offspring because it will preclude other activities such as 
provisioning and feeding. Other females may then join and share the nest. 
This is analogous to the territoriality threshold model (Davies and Houston 
1984). 
Females in shared nests enjoyed two advantages. First, defence against 
nest parasites such as mutillids was improved compared to single female nests 
(Chapter 6). More females in a nest meant better defence and lower 
individual defence burdens. Defence against conspecifics was not improved 
in shared nests. Second, nests were shared with relatives (Chapter 5). A 
female's inclusive fitness could be increased by assisting relatives by 
providing them with a nest and defending that nest. 
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Two observations suggest that cost of nest construction was the critical 
first step in the evolution of nest sharing. Nest switching is widespread 1n 
the genus Cerceris. and many females that switch nests must share with 
unrelated females. Defence could initiate sharing, especially when nest 
parasites are abundant. However female ~- antipodes dug new nests when 
opportunities arose and lived in them alone (Chapter 6). Nest parasites did 
not disappear at these times. I would argue that nest sharing arose when dry 
soil limited opportunities to excavate nests. Nest sharing was then 
maintained by these soil conditions, improved defence in shared nests and 
the opportunity to assist relatives. 
This nest cost hypothesis can be tested in other nest sharing species. 
Nest sharing species are found in three closely related genera of 
Pemphredoninae: Microstiimus. Arpactophilus and Spilomena (Matthews 
1968a,b; Matthews and Naumann unpubl.; McCorquodale and Naumann 1988). 
Nest sharing has probably ansen independently in the three groups. The 
species of Spilomena is a ground nester, the Arpactophilus reuses old 
Sceliphron nests and Microstiimus construct aerial nests out of plant 
material. In all three considerable costs are associated with obtaining a nest. 
For example, the S pi I om en a excavates nests in hard packed sand in a mixed 
aggregation with the much larger ~- antipodes at Warrah and presumably 
similar costs are incurred in nest excavation. The Arpactophilus is just one 
of several species of bees and wasps that reuse Sceliphron nests. Presumably 
there is intense competition for use of the nests. In all three instances, 
despite the widely differing types of nests, the cost of defending the nest for 
exclusive use must be great. This cost of obtaining and defending a nest from 
conspecifics may have led to the initiation of nest sharing. 
Here I have described the social behaviour of c_. antipodes, and 
considered three factors which may promote and/or maintain nest sharing. 
Constraints on nest excavation favour nest sharing. The resulting 
improvement in defence and the opportunities to aid relatives assist 1n its 
maintenance. The next question to consider in the evolution of eusociality 
concerns the evolution of a reproductive division of labour among females 1n 
shared nests? ~- antipodes cannot answer this question because it is neither 
eusocial nor evolving towards eusociality. It is presumably well adapted as it 
1s. It is interesting to note that all five of the prerequisites for eusociality 
suggested by Eickwort (1982, p. 265) occur in .C.. antipodes (1. Foundress 




remain 1n natal nest, 3. Bi- or multi-voltine, 4 . Foundress female capable of 
laying after daughters emerge, 5. Some daughters have reduced 
reproduction). Even if .c_. antipodes cannot help in answering the second 
question it provides a useful starting point for a consideration of the 
evolution of a reproductive division of labour. 
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NOTE 
A NEST SHARED BY THE SOLITARY WASPS, CERCERIS ANTIPODES 
SMITH AND C. AUSTRALIS SAUSSURE (HYMENOPTERA: SPHECIDAE) 
D. B. McCORQUODALE and C. E. THOMSON 
Department of Zoology, Australian National University, G.P.O. Box 4, Canberra, A.CT. 2601. 
Abstract 
Interspecific nest sharing between 2 species of sphecid wasps is recorded for the first time. A nest of 
Cerceris antipodes Smith appeared to have been joined by a female of C. australis Saussure. The nest 
contained 2 cells with a mixture of prey of both species, 26 older cells with C. antipodes prey and 6 younger 
cells with C. australis prey. 
Female sphecid wasps usually construct and provision their own nests (Iwata 1976). In only a few species 
are nests shared by more than one female (see Evans 1964; Matthews 1968; Miller and Kurczewski 1973; 
Evans and Hook 1982b, 1986a). Cerceris antipodes Smith and C. australis Saussure are among those in which 
the females of the same species regularly share nests (Alcock 1980; Evans and Hook l 982a,b, 1986a). Here we 
report observations of a nest shared by these 2 species, the first record of interspecific nest sharing in the 
Sphecidae. 
The nest was located in a hard packed sandy track near Warrah Trig in Brisbane Water National Park, 
N .S. W. There were about 60 nests of C. antipodes and 3 or 4 nests of C. australis along the track within 50 m of 
this nest. 
One female of C. austral is and one female of C. antipodes were caught as they left the nest and 
individually marked with paint on the frons and wings or thorax soon after the nest's discovery on 17 Jan 
1985. Another female C. antipodes was marked on 29 Jan. On each of 25 days the nest entrance was probed 
with a straw 2 to 12 times. Females often respond to this disturbance (Alcock 1980) by coming up to the nest 
entrance and biting the straw. These repeated probes allowed us to determine which females occupied the 
nest. 
On 10 Feb 1985 the nest was excavated. The number and type of prey and the stage of development of the 
wasp larvae in each cell were recorded. Most prey were identified from disarticulated elytra and head 
capsules with reference to identified whole specimens. Scarab beetles of the subfamily Melolonthinae are the 
exclusive prey of C. australis (Evans and Hook 1986b). A variety of beetles (e.g. Chyrsomelidae, 
Curculionidae, Belidae and rarely Melolonthinae) are used as prey by C. antipodes (Evans and Hook 1986b). 
Despite this potential overlap in the families of prey taken, there was no problem attributing prey to either C. 
australis or C. antipodes in this instance. 
One female C. antipodes and one female C. austral is shared the nest for 18 days, from 17 Jan until 3 Feb. 
During joint occupancy the female of the smaller C. antipodes frequently responded when we poked a straw 
into the entrance (62 of 81 probes). She responded less frequently ( 12 of 38 probes) after the disappearance of 
the C. australis. This C. antipodes female was collected when the nest was excavated on l O Feb. The female of 
the larger C. australis responded 7 times to 81 probes during joint occupancy. She was not seen after 3 Feb. 
Two other females , one of each species, were seen at the nest on only one day (a C. antipodes on 29 Jan , 
marked and not seen again; a C. australis on 10 Feb, collected during excavation). Both were very young 
females that had probably just emerged since they showed no mandible or wing wear. In contrast, the 2 long 
term residents showed moderate mandible wear and some wing wear. 
The nest structure was similar to that reported for several other species of Cerceris (see Evans 1971; 
Evans and Hook 1982a) with a main descending tunnel leading to a horizontal tunnel. A total of 34 cells was 
found at depths of 8-20 cm. The oldest cells were 26 of C. antipodes. Many of these cells contained fragments 
of pupal cuticle of Cerceris, but no immature stages of the wasp were found. All beetles in these cells had been 
consumed. These cells of C. antipodes were provisioned at least 1-3 months previously. Presumably, the 2 
adult C.antipodes observed at the nest emerged from these cells. The prey consisted of Chrysomelidae (278), 
Curculionidae ( 116), Belidae (3) and Buprestidae ( 1 ). More than one species of prey represented in all of these 
cells. The mean number of prey per cell was 16.2 ± 4.5(s.d.), ranging from 8 to 24 in a sample of 17 cells. 
Fragments of puparia of miltogrammine flies (Sarcophagidae), nest parasites of this wasp, were associated 
with 5 of these cells. 
Six cells of C. australis were found. Five of these cells contained an adult, pupa or prepupa of C. australis 
(2 males, 2 females , 1 unknown). The young female found during excavation emerged from the other cell. All 
of the C. australis cells had been provisioned during the 6 weeks prior to excavation. Therefore all of the C. 
australis cells were younger than all of the C. antipodes cells. The marked female C. australis did not emerge 
from this nest. The prey in these 6 cells were all melolonthines (Liparetus discipennis Guerin (22), L. collaris 
Macleay (2). Liparetrus spp. (7)). All but one of the 6 cells contained at least 2 species of prey. The mean 
number of prey per cell was 4.8 ± 2.2(s.d ., N = 6), ranging from 3 to 9 and 2 beetles were found in the tunnel. 
Two cells contained a prepupa and a mixture of prey of both species (Cell A: 2 chrysomelids (Rhyparida 
polyrnorpha Lea. Ochrosopis sp.) and 2 melolonthines (Liparetrus discipennis) ; Cell B: 1 chrysomelid 
(Eduse/la sp.) and 5 melolonthines (Liparetrus discipennis)). Cell A was in a cluster of C. australis cells . 
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Its prepupa was 10 mm long, consistent with ei ther a male of C. austral is or a female of C. antipodes. 
The other cell was in a group of older C. antipodes cells. Its prepupa was 14 mm long, consistent in size with a 
female of C. australis. Prey in these 8 recently provisioned cells was provided largely by a female C. australis 
(31) with few contributions from a female C. antipodes (3). 
These observations document the long term coexistence of 2 different species of sphecid wasps in one 
nest. The 18 days that the nest was shared by 2 individuals represent one-quarter to one-half of an adult 
female 's active period (Evans and Hook 1982a). 
Some solitary species of Cerceris switch nests and many usurp the nests of other females, but only rarely 
does cohabitation result (Alcock 1975; Elliott et al. 1981 ). In species where nest sharing is the norm, 2 or more 
females cohabiting results either from females remaining in their natal nest (Alcock 1980; Evans and Hock 
1982a,b) or females leaving their natal nests, joining another and the resident(s) not being displaced. In the 
instance reported here, it is probable that a C. antipodes emerged and remained in her natal nest. Nest sharing 
by 2 species resulted when this nest was joined by a female C. austra/is which did not displace the resident C. 
antipodes. Both of the long term residents guarded the nest entrance and brought in prey. The C. antipodes 
female guarded more and provisioned less than the C. australis. No evidence of aggression was noticed 
between the 2 females. In Cerceris species that switch nest, the entrances are often guarded and 
non-nestmates repelled (Alcock 1975). We therefore suggest that there was some recognition between the 
nest mates. 
Kin selection has been assumed to be a major facilitating factor in nest sharing by both C. antipodes and 
C. australis (Alcock 1980; Evans and Hook 1982a) and in other Hymenoptera (Starr 1979). Clearly, kin 
selection is not important in a 2 species nest. The observation of interspecific nest sharing suggests that 
factors such as cost of nest building and defence of the nest against nest parasites and conspecific females 
should be considered as important in the evolution of nest sharing (Lin and Michener 1972; Evans and Hook 
1986a). 
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